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"  Nor  is  it  left  arbitrary,  at  the  will  and  pleasure  of  every  man,  to  do  as 
he  list;  after  the  dictates  of  a  dejjraved  humour  and  extravagant  phancy,  to 
live  at  what  rate  he  pleaseth :  but  every  one  is  bound  to  observe  the  Injunc- 
tions and  Law  of  Nature,  upon  the  penalty  of  forfeiting  their  health,  strength, 
and  liberty — the  true  and  long  enjoymentof  themselves.''  — Maynwayringe. 


TO 

HIS  MAJESTY 
LEOPOLD  THE  FIRST, 

KINO  OF  THE  BELGIANS. . 

SiKE, 

Ik  consenting  to  ascend  the  Throne,  to  which  you 
were  called  by  the  fervent  prayer  of  the  Belgian  people,  your 
Majesty  was  graciously  pleased  to  declare,  that,  having  from  eai'ly 
life  been  placed  in  many  difficult  and  trying  situations,  you  had 
learned  to  value  power  only  as  a  means  of  advancing  the  solid 
and  lasting  happiness  of  your  fellow-creatures.  How  nobly  your 
Majesty  has  redeemed  the  pledge  implied  in  this  generous  assur- 
ance, the  tranquillity,  security,  and  increasing  prosperity  of  your 
Majesty's  adopted  country  proclaim  in  language  which  it  requires 
not  the  aid  of  individual  testimony  to  confirm ;  and  I  venture  to  refer 
to  it  only  because  your  Majesty's  gracious  permission  to  dedicate  to 
you  a  work  having  for  its  aim  the  prevention  and  alleviation  of 
human  suffering  is  but  another  proof  of  the  sincerity  of  the  feeling 
by  which  it  was  dictated,  and  of  the  deep  interest  which  your 
Majesty  takes  in  every  thing  connected  with  the  welfare  and  im- 
provement of  mankind. 

As  every  amelioration  of  the  physical  condition  of  the  people 
conduces  not  less  to  their  advancement  in  intelligence  and  good 
conduct  than  to  their  bodily  comfort,  I  am  inclined  to  hope  that, 
even  in  a  moral  point  of  view,  some  good  may  be  effected  by  the 
present  exposition  of  the  more  important  laws  of  the  animal  economy. 
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and  of  the  numerous  practical  advantages  to  be  expected  from  their 
regular  and  adequate  fulfilment. 

While  thus  laying  my  little  work  before  your  Majesty  as  a  sincere 
though  humble  tribute  of  respect  and  admiration,  may  I  be  farther 
permitted  to  express  my  profound  gratitude  for  the  condescending 
goodness  with  which  you  have  been  pleased  to  receive  my  imperfect 
sei'vices,  as  well  as  for  the  professional  confidence  with  which  your 
Majesty  continues  to  honour  me. 

That  your  Majesty  may  long  be  spared,  in  health  and  happiness, 
to  watch  over  the  interests  of  the  Belgian  nation,  is  the  sincere 
and  earnest  wish  of. 

Sire, 

Your  Majesty's  most  grateful 

and  devoted  Servant, 

ANDREW  COMBE. 


Edinburgh,  November  1,  1838. 


THE  AUTHOR'S  PREFACE 

TO  THE 

TWELFTH  EDITION. 


The  first  edition  of  the  present  work  made  its  appearance  in  the 
spring  of  1834.  At  that  time,  Physiology  had  attracted  so  little 
public  attention,  and  so  many  popular  prejudices  were  arrayed  against 
its  becoming  a  subject  of  general  instruction,  that,  doubtful  of  my  own 
ability  to  excite  that  interest  in  its  favour  which  I  was  conscious  it 
deserved,  I  felt  some  hesitation  in  venturing  upon  an  edition  of  even 
750  copies,  as  I  expected  that  some  years  at  least  would  elapse  be- 
fore another  would  be  required.  To  my  equal  surprise  and  gratifica- 
tion, however,  the  public  appreciation  of,  and  desire  for,  physiological 
information  have  far  exceeded  my  most  sanguine  expectations.  Al- 
ready, in  Great  Britain  and  Ireland,  eleven  editions,  consisting 
together  of  16,000  cojiies,  have  been  exhausted  ;  and  in  the  United 
States  of  America,  where  foreigners  enjoy  no  copyright,  upwards 
of  30,000  copies  were  sold  within  the  first  six  years.  On  the 
Continent  also,  the  work  has  been  favourably  received — a  German 
translation  having  appeared  at  Leipsic  in  1837,  and  a  Danish  one  sub- 
sequently at  Copenhagen.  These  facts  shew  unequivocally,  that  the 
practical  value  of  physiological  knowledge  is  every  day  becoming  better 
understood  among  the  intelligent  classes  of  society,  and  tliat  the  pre- 
sent attempt  to  communicate  it,  in  a  plain  and  unambitious  style,  has 
not  been  unsuccessful. 

At  the  time  when  the  first  edition  appeared,  the  proposition  that 
physiology  should  constitute  a  part  of  general  education,  was  generally 
received  with  ridicule  or  doubt,  and  by  very  many  with  absolute 
disgust.    Of  late,  on  the  contrary,  opinion  has  been  almost  unanimous 
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in  its  favour,  and  allusions  to  the  doctrines  and  usefulness  of  physio- 
logy meet  us  on  every  side.  In  accordance  with  this,  its  laws  are  now 
frequently  referred  to  by  men  of  philosophic  minds,  as  the  standards 
lay  which  every  proposition  for  the  physical,  social,  or  moral  improve- 
ment of  man  should  be  tested.  This  happy  change  is  likely  to  be 
progressive,  because  it  has  arisen  from  the  gradual  ditfusion  of  sounder 
ideas,  and  from  the  preference  instinctively  felt  for  useful  truths,  when 
once  clearly  presented  to  the  understanding. 

That  progress  is  really  making  in  a  right  direction,  may  further  be 
inferred  from  the  numerous  examples  every  day  presenting  themselves, 
of  the  successful  application  of  physiological  principle  to  the  promotion 
of  human  improvement.    Among  many  others,  I  may  refer  to  the 
pains  taken,  and  the  expense  incurred,  by  Government,  in  the  venti- 
lation, lighting,  and  heating  of  the  new  Houses  of  Parliament,  and 
many  of  the  public  Offices  and  Hospitals  ;  to  the  recent  official  inves- 
tigation into  the  means  required  for  promoting  health  in  large  towns  ; 
to  the  attention  now  devoted  to  secure  an  improved  construction  of 
houses,  a  better  supply  of  water,  more  thorough  draining,  and  a  more 
adequate  supplj^  of  the  necessaries  and  comforts  of  life,  as  well  as  a 
proper  system  of  education  and  moral  training,  for  the  labouring  poor ; 
and  lastly,  to  the  special  provision  so  carefully  and  intelligently  made 
in  the  army  and  navy,  for  the  health,  morality,  and  comfort  of  the 
men.    All  these  and  many  other  examples  afford  striking  proofs  of  the 
extent  to  which  a  perception  of  the  influence  of  the  laws  of  physiology 
now  pervades  the  more  enlightened  portion  of  the  community ;  and 
warrant  the  hope  that  a  much  higher  degree  of  improvement  may  yet 
be  reached  by  the  wider  diffusion  and  application  of  physiological 
knowledge  than  is  at  present  generally  expected.    To  effect  this,  how- 
ever, not  only  parents  and  the  teachers  of  the  young,  but  the  young 
themselves,  of  all  ranks  and  both  sexes,  must  be  made  familiar,  at  an 
early  age,  with  the  nature  of  their  own  organism,  and  trained  by  ex- 
ample, as  well  as  by  precept,  to  the  practical  observance  of  the  laws  by 
which  their  functions  are  regulated. 

It  is  with  a  strong  wish  to  contribute  all  in  ray  power  to  this  most 
desirable  end,  that  I  have  placed  this  volume  within  the  reach  of  every 
class,  and  especially  of  the  many  parents  and  teachers,  both  male  and 
female,  who  have  never  enjoyed  an  opportunity  of  acquiring  correct 
information  regarding  the  physical  and  mental  constitution  of  man, 
and  who,  with  the  very  best  intentions,  and  the  strongest  desire  to 
discharge  their  duty,  often  fall  involuntarily  into  error  for  want  of  it. 
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Even  with  every  aid,  the  task  of  the  educator  is  not  less  arduous  than 
important ;  and  if  his  success  does  not  always  correspond  to  the  zeal, 
talent,  and  industry  which  he  brings  to  its  performance,  the  cause  is 
to  be  looked  for  in  the  prevailing  ignorance  of  the  nature  of  man,  far 
more  than  in  any  deficiency  peculiar  to  the  individual.    Every  expe- 
rienced medical  man  must  be  familiar  with  cases  where  eiforts  which, 
under  the  guidance  of  physiological  knowledge,  would  have  secured  the 
richest  harvest  of  results,  have  either  been  expended  in  vain,  or  even 
been  productive  of  direct,  and  sometimes  permanent,  injury  to  the 
pupil.    To  parents  and  teachers,  then,  this  volume  is  oifered,  in  the 
hope  that  it  may  afford  them  both  aid  and  comfort.    That  it  is  far 
from  sufficient  to  satisfy  aU  their  wants,  no  one  is  more  fully  aware 
than  its  author ;  but  it  may  nevertheless  help  to  guide  them  in  a  right 
direction,  and  enable  them  to  pursue  their  important  labours  with  in- 
creased credit  and  success.    But  it  is  right  to  warn  them  beforehand, 
that  the  benefit  to  be  derived  from  the  following  pages  will  depend 
mainly  on  the  spirit  in  which  they  are  perused.    The  subjects  treated 
of  embrace  so  many  important  facts  and  principles  of  action,  which  are 
comparatively  new  to  the  general  reader,  that  it  is  only  by  careful  and 
frequent  study  that  he  can  become  sufficiently  familiar  with  them  to 
avail  himself  of  the  applications  of  which  they  are  capable  to  the 
purposes  of  self -education  and  improvement,  and  to  the  preservation 
or  recovery  of  health.   To  read  merely  as  one  reads  a  novel  or  a  news- 
paper, can  be  productive  of  but  little  solid  or  permanent  advantage  ; 
and  therefore,  whUe  I  value  highly  the  grateful  tribute  implied  in 
endeavouring  to  act  (it  may  be,  in  silence)  upon  the  principles  ex- 
pounded in  my  works,  I  feel  indifferent  to  even  the  most  eloquent  and 
laboured  eulogium,  when  it  is  not  accompanied  by  any  practical  results. 
I  am  the  more  anxious  to  enforce  this  view,  because  many  will,  I  be- 
lieve, read  with  increased  interest  and  advantage  after  their  attention 
has  been  thus  earnestly  directed  in  the  very  outset  to  the  practical  cha- 
racter and  aim  of  the  work. 

In  further  pursuit  of  this  object,  I  have  published  two  additional 
volumes  of  the  same  plain  and  practical  character  with  that  now  in  the 
hands  of  the  reader,  and,  like  it  (to  adopt  the  words  of  the  German 
title-page),  designed  "  especially  for  the  use  of  parents,  teachers,  the 
young,  and  all  who  take  an  interest  in  their  own  welfare  and  happi- 
ness, or  in  that  of  others."  In  the  first  of  these,  on  the  subjects  of 
Digestion  and  Diet,  I  have  treated  of  the  important  functions  of  diges- 
tion and  nutrition,  and  of  the  laws  by  which  diet  should  be  regulated. 
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according  to  the  age,  constitution,  and  mode  of  life.  In  the  second. 
On  the  Management  of  Infancy,  I  have  endeavoured  to  explain,  to 
parents  and  others,  the  nature  and  laws  of  the  infant  constitution,  and 
to  point  out  the  superior  safety  and  advantage  whicli  would  result 
from  taking  these  as  the  standard  by  which  to  regulate  every  part  of 
Infant  Management,  moral  as  well  as  physical,  instead  of  being 
guided,  as  is  frequently  the  case,  by  mere  random  observation,  or  blind 
adherence  to  custom  or  tradition.  The  very  favourable  reception  with 
which  these  works  have  been  honoured,  as  evidenced  in  the  sale  of 
several  very  large  editions,  affords  of  itself  a  strong  presumption  that 
the  want  which  they  were  designed  to  supply  has  been  deeply  and  ex- 
tensively felt,  and  at  the  same  time  amply  rewards  me  for  the  pains  I 
have  bestowed  in  their  preparation. 

Edinburgh,  25  Rutland  Street, 
November  1843. 


THE  EDITOR'S  PREFACE 

TO 

THIS  EDITION. 


It  is  now  eight  years  since  the  publication  of  the  last  of  the  editions 
of  this  work  which  received  improvement  from  the  Author's  hand, 
all  the  copies  printed  since  1844  being  exact  reproductions  of  the 
revised  edition  issued  in  that  year.  Down  to  the  time  of  his  death, 
however,  in  August  1847,  he  retained  his  habit  of  occasionally  enlarg- 
ing and  amending  the  work';  but  his  health  and  strength  were  never 
sucli  as  to  enable  him  to  render  it  so  complete  as  he  was  desirous  to 
make  it,  particularly  in  regard  to  the  physiology  of  respiration  and  the 
nervous  system,  which  had  of  late  years  been  making  rapid  progress 
in  the  hands  of  many  able  scientitic  investigators.  Shortly  before  his 
death,  he  expressed  a  desire  that  I  should  undertake  the  duties  of  Editor 
of  this  and  his  other  works,  in  order  that,  to  the  best  of  my  ability,  I 
might  place  them  on  a  level  with  the  science  of  the  day.  In  making 
this  selection  of  an  editor,  he  probably  was  influenced  by  the  consider- 
ation that,  from  long  and  familiar  intercourse  with  him,  I  was  well 
acquainted  with  the  views  which  guided  him  in  the  practice  of  his  pro- 
fession and  in  the  composition  of  his  popular  writings,  and  heartily 
concurred  with  him  in  attaching  deep  importance  to  the  diffusion, 
among  the  public  at  large,  of  a  general  knowledge  of  the  structure  and 
functions  of  the  body,  and  the  causes  by  which  its  health  and  efficiency 
are  preserved  or  impaired.  Having  for  many  years  been  to  me  a 
"  guide,  philosopher,  and  friend,"  he  may  have  thought  that  after  his 
death  I  would  make  every  effort  in  my  power  to  secure  the  scientific 
accuracy,  the  clearness  and  earnestness  of  exposition,  and  the  practical 
tendency,  which  he  himself  had  uniformly  aimed  at,  and  which  are 
generally  allowed  to  characterise  his  works  in  a  degree  seldom  equalled, 
and  perhaps  never  surpassed,  in  any  popular  treatises  on  science. 
With  the  desire  thus  expressed  by  my  lamented  uncle,  I  felt  it  im- 
possible to  refuse  compliance,  however  distrustful  of  my  ability  to 
perform  with  success  the  duties  imposed  on  me.  The  first  fruits  of  my 
editorial  labours  appeared  in  1849,  when  a  new  edition  of  his  Treatise 
on  Digestion  and  Diet  was  published ;  and  the  favour  with  which  that 
edition  has  been  received  by  the  medical  profession  and  the  public, 
encourages  me  to  hope  that  the  present  amended  and  enlarged  edition 
of  another  of  his  works  will  be  found  not  unworthy  of  approbation. 


X 


PREFACE. 


The  Author's  own  additions  will,  I  doubt  not,  be  as  acceptable  as  any 
of  his  former  productions  ;  and,  whatever  imperfections  may  appear 
in  those  parts  for  which  I  am  responsible,  this,  at  least,  may  be 
affirmed  with  truth — ^that  no  pains  have  been  spared  to  justify  his 
selection  of  an  editor,  and  to  sustain  the  high  reputation  which  his 
work  has  hitherto  enjoyed.  The  volume  has  undergone,  throughout, 
a  severe  and  searching  revisal,  and  the  additions  are  numerous  and 
sometimes  extensive.  Chapter  III.,  in  which  the  religious  objections 
to  the  study  of  physiology  are  considered,  is  almost  entirely  from  the 
pen  of  the  Author  himself;  to  whom  various  important  additions  scattered 
through  the  work  are  likewise  attributable.  The  principal  additions 
and  alterations  made  by  me  occur  in  Chapters  lY.  and  V.,  On  the  Struc- 
ture and  Functions  of  the  Skin  ;  Chapters  X.  and  XI.,  On  the  Nature 
and  Laws  of  Respiration  ;  and  Chapter  XII. ,  On  the  Xervous  System : 
the  last,  indeed,  lias  been  so  much  enlarged,  that  the  new  portion  of  it 
considerably  exceeds  the  old.  X'umerous  other  additions  have  been 
made  by  me  in  all  parts  of  the  volume  ;  but  as  my  object  has  been  to 
amplif}'  statements  already  made,  to  correct  such  as  have  been  shewn 
by  recent  discoveries  to  be  erroneous,  and  to  illustrate  and  enforce  by 
new  examples  the  rules  laid  down  by  the  Author  for  the  preservation 
of  health,  they  in  no  way  change  the  former  character  of  the  work ; 
and  the  present  volume  is  therefore  to  be  regarded  as  in  all  essential 
respects  the  work  of  Dr  Combe.  INIany  of  the  new  passages  will  suf- 
ficiently appear  to  be  mine,  from  their  reference  to  dates  or  discoveries 
posterior  to  the  Author's  death.  The  principal  of  such  as  carry  no 
evident  sign  of  their  origin,  are ; — those  on  Muscular  motion,  p.  88-91 ; 
Nutrition  of  the  muscles,  p.  94,  95 ;  Waste  of  the  tissues,  p.  99  ; 
Amount  and  quality  of  exercise,  p.  102-3,  &:c.  ;  Muscular  and  nervous 
energy,  p.  113;  Capacity  of  the  body  for  labour,  p.  115-16:  Com- 
position and  structure  of  the  bones,  p.  131,  133;  Crooked  spine,  p. 
135;  Structure  of  the  joints,  p.  138;  Composition  of  the  blood,  p.  140-1 ; 
Rapidity  and  force  of  the  circulation,  p.  150-2  ;  Hereditary  transmis- 
sion of  qualities,  p.  296  ;  X^ature  of  the  nervous  force,  p.  304.  I  have 
thought  it  better  to  point  out  the  chief  additions  here,  than  to  indicate 
every  new  passage  at  the  place  where  it  is  introduced ;  for,  as  my 
sentences  are  frequently  interwoven  with  the  Author's,  any  attempt  of 
this  kind  must  have  been  but  partial,  and  the  reader's  attention  Avould 
have  been  often  and  needlessly  distracted.  In  order  to  preserve,  how- 
ever, as  far  as  possible,  a  marked  distinction  between  the  Author's 
dicta  and  my  own,  I  have  carefully  abstained  from  writing  in  the  first 
person  singular. 

It  may  be  proper  to  add,  that,  down  to  the  time  of  his  death,  the 
Author  had  the  satisfaction  of  finding  that  the  circulation  of  his  works 
continued  steadily  to  extend.  Since  then,  several  new  impressions  of 
the  present  treatise  have  been  called  for  ;  and  altogether,  33,000  copies 
have  now  been  sold  in  the  United  Kingdom.  It  is  probable  that,  in 
America,  the  circulation  of  the  editions  printed  there  does  not  fall 
short  of  100,000  copies. 

J.  C. 

Edinburgh,  January  13, 1852. 
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CHAPTER  I. 

NATUEE  AND  USES  OF  PHYSIOLOGY. 

Physiology  (from  <fy<ris,  nature, 
and  Xoyo;,  disco^irse)  signifies  literally 
a  discourse  about  natural  powers,  but, 
as  now  used,  it  applies  exclusively  to 
the  doctrine  of  the  uses  or  functions  of 
the  different  parts  of  beings  endowed 
with  the  principle  of  life.  Applied  to 
the  vegetable  kingdom,  it  is  called 
Vegetable  Physiology ;  to  the  lower 
animals,  Comimrative  Physiology  ;  and 
to  man,  Hainan  Physiology. 

Physiology,  or  the  history  of  the 
functions  which  characterize  living  be- 
ings, is  a  subject  of  deep  interest ;  and 
Human  Physiology,  or  that  which  is 
about  to  engage  our  attention,  is  as 
important  in  its  practical  consequences 
as  it  is  attractive  to  rational  curiosity. 
In  its  widest  sense  it  comprehends  an 
exposition  of  the  functions  of  the  vari- 
ous organs  of  which  the  human  frame 
is  composed ;  of  the  mechanism  by 
which  those  functions  are  executed ; 
of  the  relations  of  the  organs  to  each 
other ;  of  the  means  of  improving  their 
development  and  action  ;  of  the  pur- 
poses to  which  they  ought  severally 
to  be  directed ;  and  of  the  manner  in 
which  exercise  should  be  conducted, 
so  as  to  secure  for  the  organ  the  best 
health,  and  for  the  function  the  highest 
efficiency. 

On  taking  a  general  survey  of  the 
plan  on  which  the  human  body  is  con- 
structed, and  of  tlie  uses  subserved  by 
its  component  parts,  it  becomes  evident 
that  the  nervous  system  surpasses  in 
importance,  and  is  meant  to  preside 


over,  all  the  other  parts  of  the  organism. 
It  is  by  means  of  its  great  central  or- 
gan, the  brain,  and  in  proportion  to 
its  development  and  perfection,  that 
the  various  pi-ocesses  of  sensation,  per- 
ception, thought,  and  volition  take 
place  ;  and  as,  in  this  view,  the  body 
may  justly  be  said  to  be  the  instrument 
of  the  mind,  so  all  its  component  parts 
are  placed  more  or  less  directly  under 
the  influence  and  control  of  the  brain, 
as  the  more  immediate  organ  of  the 
mental  powers.  Throughout  the  whole 
animal  kingdom,  indeed,  the  same  sub- 
ordination of  the  organism  at  large  to 
the  nervous  system  may  be  traced,  with 
distinctness  proportioned  to  the  intel- 
ligence of  the  animal,  till  we  descend 
so  low  in  the  scale  of  being,  that  all 
traces  of  distinct  consciousness  and  of 
nervous  structure  disappear  together, 
and  life  becomes  almost  wholly  vege- 
tative. 

The  nervous  system,  then,  (compre- 
hending the  brain,  spinal  cord,  and 
nerves,)  holds  the  first  rank  in  the  ani- 
mal organism,  because  it  is  through  it 
that  we  feel,  know,  think,  will,  and  de- 
cide. Of  itself,  however,  it  could  not 
fulfil  its  own  behests.  To  become  effi- 
cient, it  must  be  ])laced  in  connection 
with  an  apparatus  fitted  to  receive  im- 
pressions from,  and  to  act  upon,  extern  al 
objects.  The  former  of  these  purposes  is 
fulfilled  by  theorgansof  sense, on  which 
the  nerves  are  ramified  ;  the  latter  by 
what  may  be  called  the  executive — 
namely,  the  trunk  and  limbs  of  the 
body, — which  comprise,  1st,  nerves  to 
convey  impressions  to  and  mandates 
from  the  nervous  centres ;  2dly,  bones 
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to  give  stability  and  support;  3(lly, 
joints  to  admit  of  motion  ;  and,  lastly, 
muscles  and  tendons  to  perform  the 
mandates  which  the  nervous  centres 
send  forth. 

In  addition  to  these  organs  there 
are  others  serving  for  the  reception 
and  digestion  of  food,  the  circulation 
of  tlie  blood  made  from  it,  the  nourish- 
ment of  the  body,  and  the  excretion  of 
waste  matter  from  the  system.  But 
none  of  these  functions  is  altogether 
peculiar  to  animal  life^  All  are  found, 
in  a  modified  degree,  likewise  in  vege- 
table.s  ;  and  hence  they  are  often  called 
vegetative  functions,  to  distinguish  them 
from  those  peculiar  to  the  animal  king- 
dom. They  are  necessai'y,  only  be- 
cause waste  is  an  invariable  accom- 
paniment of  action,  and  without  such 
a  provision  to  repair  the  loss  of  Or- 
ganic substance  and  admit  of  gi'owth, 
life  itself  would  speedily  become  ex- 
tinct. Accordingly,  the  skin,  the  lungs, 
the  liver,  the  kidneys,  and  tlie  bowels^ 
all  form  channels  fur  the  excretion  or 
throtving-out  of  waste  matter ;  while 
tiie  stomach  and  digestive  organs  afe 
expressly  destined  for  the  preparation 
of  fresh  materials  from  the  food>  And 
all  that  is  still  wanted  in  order  to  com- 
plete the  living  system,  is  the  provi- 
sion of  some  means  by  which  the  waste 
matter  may  be  carried  from  all  pai*ts 
of  the  body  to  the  excreting  organs, 
and  the  new  supplies  be  fitly  distributed 
from  the  oi-gans  of  digestion.  These 
purposes  are  effected  chiefly  by  the  or- 
gans of  circulation — namely,  the  heaft 
and  blood-vessels — and  by  the  cur- 
rent of  blood  with  which,  by  their 
means,  every  part  of  the  body  is  sup- 
plied. Another  class  of  vessels,  called 
the  lymphatics,  also  perform  an  im- 
portant part  in  these  operatiohs. 

Keeping  in  view  this  general  expo"- 
sitioii  of  tlio  principles  on  which  the 
human  organism  is  constructed,  and 
recollecting  that  the  brain  and  nerves 
constitute  the  special  apparatus  by 
means  of  which  all  impressions  reach 
the  mind  and  all  our  mental  operations 
are  carried  on,  it  is  evident  that  a  com- 
plete system  of  physiology  will  em- 
brace an  explanation  not  only  of  all 
the  corporeal  functions,  but  also  of  the 


nature,  and  laws  of  action,  of  the  vari- 
ous appetites,  propensities,  and  moral 
and  intellectual  faculties,  with  which 
man  is  endowed.  A  correct  physiology 
thus  constitutes  the  true  basis  on  which 
ought  to  rest  all  plans  having  for  their 
object  the  physical  and  mental  health, 
and  the  social  and  moral  improve- 
ment of  man.  In  other  words,  jp/(i/s/- 
olo'jy  oiiglit  to  constitute  the  basis  of  all 
educational  plans  ;  for,  so  long  as  life 
endures,  the  intellectual  and  moral 
powers  act  only  through  the  medium 
and  much  under  the  influence  of  the 
organism,  and  no  method  which  can 
be  devised  for  their  cultivation  can 
possibly  fulfil  its  aim,  unless  it  be  in 
harmony  with  the  laws  of  that  organ- 
ismv  A  knowledge  of  the  principles 
of  physiology  is,  therefore,  scarcely 
less  essential  to  the  d  ivine,  the  mor- 
alist, the  legislator,  the  teacher,  and 
the  parent,  than  to  the  physician  hi7n- 
self.  In  the  treatment  of  disease  its 
aid  is  indeed  invaluable  ;  but  there  is 
scarcely  any  situation  in  life,  in  which 
an  acquaintance  with  its  doctrines  may 
not  prove  at  once  a  protection  against 
serious  evils,  and  a  source  of  many 
positive  blessings. 

Let  it  not  be  said,  then,  that  such 
knowledge  is  superfluous  to  the  non- 
medical reader.  Society  groans  un- 
der the  load  of  suffering  iufiicted  by 
causes  susceptible  of  removal,  but  left 
in  ojjeration  in  consequence  of  the  pre- 
vailing ignorance  of  our  own  structure, 
and  of  the  relations  of  the  different 
parts  of  the  system  to  each  other  and 
to  external  objects.  "Whether  we  con- 
sider the  pressing  evils  to  which  many 
operatives  are  habitually  exposed  in 
the  exercise  of  their  various  trades, 
without  any  attempt  being  made  to 
apply  the  resources  of  knowledge  to 
their  relief  or  protection ;  or  whether 
we  contemplate  the  thousand  forms  in 
which  the  seeds  of  disease  are  allowed 
to  be  scattered  about,  especially  in  our 
larger  towns,  when  even  a  small  amount 
of  physiological  knowledge  among  the 
public  would  almost  ensure  their  speedy 
removal,  we  cannot  but  feel  greatly 
surprised  that  so  little  should  have 
been  done,  during  so  long  a  time,  to 
dissipate  that  ignorance  from  which, 
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not  the  poor  alone,  but  the  noble  and 
the  wealthy,  have  often  extensively 
sufifered.  In  this  respect  medical  men 
have,  I  fear, been  much  to  blame.  They 
alone  were  the  possessors  of  the  know- 
ledge required,  and  they  alone  could 
fully  appreciate  its  value  ;  and  yet  they 
have  rarely  made  any  eflort  either  to 
diffuse  it  more  widely,  or  to  rouse 
attention  to  its  importance.  On  the 
contrary,  they  have,  to  a  considerable 
extent,  neglected  its  many  valuable 
applications  to  the  prevention  and  re- 
moval of  disease,  and  in  their  personal 
conduct  set  an  example  of  the  habitual 
neglect  of  its  plainest  precepts,  which 
has  not  been  without  a  baneful  in- 
fluence on  the  public  mind. 

If,  indeed,  the  more  enlightened 
members  of  the  medical  profession  liad 
acted  under  a  due  sense  of  their  re- 
sponsibility and  obligations  to  society, 
and  had  exerted  themselves  to  diffuse 
around  them  a  knowledge  of  the  ele- 
mentary truths  of  physiology,  the  pub- 
lic could  never  have  remained  so  lon<; 
absolutely  blind  to  the  misery,  disease, 
and  mortality  engendered  by  the  filth, 
bad  ventilation,  imperfect  drainage, 
and  inadequate  supplies  of  water  and 
food,  to  which  the  labouring  classes, 
even  of  the  agricultural  districts,  are 
so  extensively  subjected.     That  the 
apathy  complained  of  ^jroceeded  from 
ignorance  alone,  and  not  from  indif- 
fei-ence  to  the  sufferings  of  our  fellow- 
creatures,   may  fairly  be  presumed 
from  the  exertions  now  making  by 
both  the  Government  and  the  com- 
munity at  large  to  improve  the  pub- 
lic health,  and  elevate  the  physical 
condition   of   the  lower  orders,  as 
the  first  step  towards  securing  their 
moral  and  intellectual  advancement. 
When  the  first  edition  of  this  work 
was  published  in  1834,  physiology  was 
considered  as  a  subject  altogether  unfit 
for  general  study,  and  the  utmost  in- 
difference prevailed  on  all  questions 
connected  with  its  a2)plication  to  the 
prevention  of  disease.     In  proportion, 
however,  as  knowledge  has  been  dif- 
fused, a  most  favourable  change  of 
opinion  has  taken   place,  and  now 
tliere  is  almost  a  rivalry  between  the 
profession,  the  Government,  and  the 


press,  which  of  them  shall  contribute 
most  efficiently  to  the  end  in  view. 
Thanks  to  the  rapid  diffusion  of  know- 
ledge which  is  now  going  on,  we  may 
hope  that  in  a  few  years  we  shall  cease 
to  hear  of  cases  (still  too  frequent 
among  us)  of  rational  but  ignorant 
men  losing  their  lives  by  shutting 
themselves  up  with  lighted  stoves  or 
fires  in  small  and  almost  air-tight 
cabins,  as  if  for  the  purpose  of  com- 
mitting suicide  ;  or  of  new-born  in- 
fants being  killed  by  exposure  to 
the  cold  in  winter,  as  is  still  a 
common  occurrence  in  France,  from 
their  being  carried,  in  compliance 
with  the  lav/,  to  the  oflice  of  the  maire 
for  registration.  Xor  is  it  likely  that 
there  will  be  many  repetitions  of  such 
jjainful  catastrophes,  as  that  which 
haj)pened  on  board  the  steamship 
Londonderry  on  the  night  of  the  1st 
December  1848,  when  70  out  of  150 
passengers  were  suffocated  in  conse- 
quence of  being  crowded  together  in 
a  cabin  measuring  18  feet  in  length, 
by  10  or  12  in  breadth,  and  7  in 
height.  Nothing  but  the  grossest  and 
most  culpable  ignorance  can  account 
for  such  events  ;  and  considering  that 
medical  men  are  at  present  the  only 
channels  through  which  the  public 
can  obtain  that  knowledge  which  is 
the  best  protection  against  their  re- 
currence, a  heavy  responsibility  de- 
volves upon  those  among  them  who 
neglect  to  exercise  their  legitimate  in- 
fluence in  directing  public  attention 
to  this  study. 

Few  non-professional  persons  are 
aware  of  the  full  extent  of  the  evil 
which  results  from  the  habitual  ne- 
glect, among  the  people,  of  the  laws  of 
physiology  ;  for  notwithstanding  all 
that  has  hitherto  been  done  to  remedy 
this  neglect,  and  to  bring  these  laws 
into  general  practical  application  in 
the  routine  of  every-day  life,  we  stand 
as  yet  but  upon  the  threshold  of  im- 
provement. How  much  remains  to  bo 
done  will  be  a^jparent  from  a  consider- 
ation of  the  following  details. 

It  appears  from  the  various  reports 
of  the  Registrar-General,  that  the  an- 
nual rate  of  mortality  for  the  whole 
of  England  and  Wales  is  1  in  46  ;  but 
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I  this  general  rate  of  the  whole  king- 
1  dom  is  subject  to  great  variations  in 
I  difterent  localities,  according  to  the 
1  various  influences  which  act  on  the 
health  of  the  community.    Thus  in 
some   of    the   large  manufacturing 
towns,  such  as  Manchester,  Liverpool, 
Glasgow,  and  Leeds,  the  rate  of  mor- 
tality is  so  high  as  1  in  30  :  while,  on 
the  other  hand,  in  the  more  healthy 
rural  andsuburhan  districts,  it  falls  to 
1  in  60,  and  occasionally  even  to  1  in 
67.    From  some    disturbing  causes, 
which  it  is  unnecessary  here  to  parti- 
cularise, the  difference  between  the 
health  of  urbaii  and  rural  populations 
is  not  so  great  as  these  figures  would 
imply  ;  but  after  every  correction  has 
been  made,  it  remains  undeniable  that 
there  occurs  in  the  cities  a  large  an- 
nual loss  of  life  beyond  that  to  which 
the  inhabitants  of  the  country  are  sub- 
i  ject,  and  which  is  in  a  great  degree 
capable  of  being  removed  by  proper 
sanitary  regulations.    But  there  is  no 
reason  to  sujipose  that  even  in  rural 
districts  the  people  enjoy  the  maximum 
degree  of  health,  and  that  the  actual 
mortality  may  not  be  reduced.  So 
far,  indeed,  is  this  from  being  the 
case,  that  Mr  Simon,  in  his  First  Re- 
port to  the  Commissioners  of  Sewers 
for  the  City  of  London,  is  sanguine 
enough  to  express  the  belief  that  the 
mortality  of  the  City  itself  may,  bv 
judicious  sanitary  measures,   be  re- 
j  duced  from  1  in  30  (in  1848-49)  to  1 
!  in  66,  or  considerably  below  the  ave- 
!  rage  rural  rate.      But  if,  without 
I  venturing  to  entertain  such  pleasing 
I  anticipations,  we  assume  merely  that 
j  sanitary  legislation  is  capable  of  ef- 
j  fecting  a  reduction  in  the  general  rate 
I  of  mortality  to  1  in  50,  it  will  follow 
that,  in  a  population  of  16,000,000, 
the  annual  saving  of  human  life  in 
England  and  Wales  will  amount,  in 
J  round  numbers,  to  30,000  ;  and,  if  the 
calculation  be  extended,  on  the  same 
basis,  to  Scotland  and  Ireland,  the 
I  number  of  lives  annually  saved  in 
I  the  United  Kingdom  will  amount  to 
]  50,000.    Moreover,  it  has  been  calcu- 
lated that  for  every  case  of  sickness 
which  terminates  in  death  there  are 
twenty  which  recover ;  and,  if  we  ad- 


mit this  proportion  as  approaching  the 
truth,  there  are  thus  found  to  afflict 
annually  the  people  of  Great  Britain 
and  Ireland  the  avoidable  evils  of  about 
fifty  thousand  deaths  and  a  million 
cases  of  sickness,  with  all  their  con- 
comitant pain  and  misery,  and  their 
melancholy  train  of  poverty,  orphan- 
age, and  widowhood — the  progeny  of 
mere  neglect  of  the  laws  of  health.* 

For  evidence  of  the  evils  conse- 
quent on  the  deficiency  of  physiologi- 
cal knowledge  even  among  those  who 
have  received  a  good  general  educa- 
tion, I  may  refer  to  the  lamentable 
ignorance   displayed  in  Parliament, 
by  very  intelligent  men,  during  the 
frequent  discussions  which  took  place 
a  few  years  ago  on  the  regulation 
of   infant   labour   in   factories  and 
mills.    Previously  to  1833,  the  law 
authorised  the  working  of  children 
between  the  years  of  eight  and  six- 
teen,  in    the    close,    heated  atmo- 
sjjhere  of  a  cotton  mill,  for  12  hours 
a-day ;  and  as  a  great  boon,  by  the 
Factories'  Regulation  Bill  passed  in 
that  year,  no  children  were  to  be  em- 
ployed under  nine  years  of  age,  while, 
between  that  and  fourteen,  the  period 
of  daily  labour  was  not  to  exceed 
eight  hours.    Had  our  legislators  been 
instructed  in  anatomy  and  physiology 
so  far  as  to  obtain  even  the  most  ge- 
neral notion  of  the  constitution  of  the 
human  body,  and  had  they  been  aware 
of  the  intimate  dependence  of  the 
mind  on  the  condition  of  the  bodily 
organism,  they  would  at  once  have  per- 
ceived the  destructive  tendency  of  the 
former  system  of  labour  and  confine- 
ment, and  the  impossibility  of  combin- 
ing with  it  that  moral  and  intellectual 
cultivation  which  is  so  imperatively 
required.    Instead  of  objecting  to  the 
limitation  when  it  was  proposed,  they 
would  have  looked  forward  with  dread 
to  the  physical  aTid  moral  degradation 
which  the  system  then  in  operation 
was  calculated  to  effect  in  the  multi- 
tudes under  its  influence  ;  and  their 
only  doubt  would  have  been,  whether 

*  For  more  ample  detoils,  see  an  instruc- 
live  article  in  the  British  and  Foreign 
Medico- Chirui-gical  Review,  vol.  i.  p.  1. 
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even  eight  hours'  labour  in  a  close  at- 
mosphere was  not  too  much  for  unde- 
veloped childreii,  and  was  not  incom- 
patible with  that  efficient  moral  and 
general  training  in  the  domestic  circle, 
which  is  indisjiensable  to  the  develop- 
ment of  our  best  feelings,  and  conse- 
quently to  the  formation  of  peaceful, 
moral,  and  intelligent  citizens.  It  is 
true  that  there  were  great  difficulties 
in  the  way  of  the  contemplated  re- 
striction, and  that  in  the  case  of  adult 
labour  the  principle  of  direct  legisla- 
tive interference  is  at  once  unsound 
and  dangerous.  But  the  question  as- 
sumes a  different  aspect  when  it  relates 
to  the  regulation  of  labour  at  an  age 
when  those,  whose  safety  and  welfare 
are  directly  at  stake,  are  incapable  of 
judging  for  themselves,  and  are  under 
the  absolute  control  of  their  parents, 
who,  however  influenced  by  affection, 
are  in  general  too  unenlightened,  and 
too  much  interested  in  the  immediate 
profit,  to  be  impartial  in  their  deci- 
sion. Had  natural  affection  alone 
proved  to  be  a  sufficient  protection 
against  the  abuse  of  infant-labour  in 
factories,  no  application  to  Parliament 
on  the  subject  could  ever  have  been 
required,  because  in  tliat  case  no  con- 
siderable abuse  could  have  taken  place. 
But  dire  experience  has  demonstrated 
that,  under  the  present  system  of  pres- 
sure and  competition  for  employment, 
mere  parental  feeling  is  not  an  ade- 
quate safeguard,  and  that  there  was 
an  absolute  necessity  for  the  measures 
which  have  been  adopted  for  the  pro- 
tection of  the  young. 

Since  the  preceding  remarks  were 
first  published,  their  accuracy  has  been 
confirmed  by  many  men  of  experi- 
ence, and  among  others  by  Mr  Leonard 
Horner,  who  tells  us*  that  all  the 
ominous  predictions  of  ruin  and  misery 
made  by  many  of  the  manufacturers, 
when  contending  against  any  legisla- 
tive interference  for  the  purpose  of 
limiting  the  working  hours  of  the 
children,  have  been  entirely  falsified, 
and  that  most  of  tliem  are  now  satis- 
fied that  the  law  has  been  beneficial 

•  On  the  Employment  of  Children  in 
Factories  and  other  Works.  Longman  and 
Co.  1840. 


even  to  themselves.    Indeed  so  satis- 
factory in  its  results  was  the  practical 
working  of  the  law,  that  in  1847  it 
was  deemed  right  to  extend  the  legis- 
lative interference,  and  accordingly 
the  "  Ten  Hours'  Bill"  was  introduced 
into  Parliament.    By  this  it  was  en- 
acted that  the  labour  of  all  young 
persons  between  13  and  18  years  of 
age  employed  in  cotton-factories,  and 
of  all  women  so  employed,  should  be 
limited  to  10  hours  a-day.    The  mini- 
mum age  of  13,  at  which  a  child  might 
work  in  the  cotton-factories,  was  in 
the  case  of  silk-factories  reduced  to 
11,  on  'account  of  the  cleaner  and 
healthier  nature  of  the  employment. 
No  interference  was  attempted  with 
adult  male  labour,  the  object  of  the 
legislature  being  to  protect  those  only, 
who,  from  their  position  as  wives  and 
children,  were  subject  to  the  will  of 
others.    But  the  Act  had  been  but  a 
short  time  in  operation  when  some  of 
the  mill-owners,  who  were  opposed  to 
its  provisions,  found  means  to  thwart 
the  intentions  of  the  legislature  by 
working  their  mills  on  what  is  called 
the  relay-system,  by  which  the  women 
and   children,  though   not  actually 
working  more  than  ten  hours,  were 
detained  in  the  mill,  and  prevented 
from  nuvking  a  proper  use  of  the  time 
which  was  intended  for  relaxation  and 
instruction.    To  remove  the  doubts 
which  impeded  the  working  of  the  Act, 
recourse  was  had  to  fresli  legislation, 
and  a  new  bill  was  introduced  in  the 
session  1849-50,  when,  owing  to  the 
powerful  opposition  of  the  mill-owners, 
the  limited  period  of  ten  hours  was 
extended  to  ten  and  a  half.    The  time 
during  which  the  "  Ten  Hours'  Act"  ] 
was  in  operation,  was  too  short  to  test  j 
the  effects  of  the  limitation  of  the  work-  j 
ing  hours  on  the  cajjital  and  comnier-  I 
cial  enterprise  of  the  country  ;  but  < 
there  was  already  evidence  to  shew  I 
that  it  exerted  a  beneficial  influence  1 
on  the  operatives,  by  a  large  majority  | 
of  whom  it  was  hailed  as  a  great  boon,  i 
though  a  reduction  of  wages  had  pretty 
generally  followed.    Mr  Saunders,  the 
Inspector  of  the  London  and  Leeds 
District,  describes  the  effects  of  the 
working  of  the  Act  of  1833  to  have 
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been  increased  health  and  strength 
of  the  children,  absence  of  cases  of 
injury  from  excessive  labour,  and  a 
great  diminution  in  the  number  of 
accidents,  from  sleep  less  readily  over- 
taking the  wearied  children.  Tlierc 
can  be  no  doubt  that  these  beneficial 
results  would  have  increased  under  the 
working  of  the  "  Ten  Hours'  Act ;"  but 
the  question  was  viewed  by  many  of 
the  mill-owners  in  a  purely  mercantile 
spirit,  and  they  lost  sight  not  only  of 
the  interests  of  the  operatives,  but  of 
the  well-being  of  the  community  at 
large.  They  seemed  to  forget  that  the 
human  body  is  liable  to  be  injured  in 
constitution  by  excess  of  labour,  and 
that  a  deteriorated  constitution  is 
handed  down  to  the  succeeding  genera- 
tion. It  is  chiefly  for  this  reason,  that  in 
France  the  returns  of  the  conscription 
are  found  to  give,  in  the  manufacturing 
districts  of  the  country,  a  much  higher 
proportion  of  young  men  incapable  of 
military  service  from  deficient  stature 
and  feeble  constitution,  than  in  the 
agricultural  districts. 

In  those  numerous  instances,  again, 
in  which  it  would  be  not  less  futile 
than  impolitic  to  attempt  to  remedy 
a  great  social  evil  by  direct  legislation, 
the  general  diffusion  of  physiological 
knowledge  acquires  even  greater  im- 
portance, because  our  only  resource 
then  consists  in  an  appeal  to  enlight- 
ened and  well-directed  public  opinion. 
Let  us  take  as  an  example  the  unfor- 
tunate shirt  and  trouser  makers  and 
milliners  of  the  metropolis.  From  the 
Report  of  the  Children's  Emplo]micnt 
Cornmisnon,  published  several  years 
ago,  we  find  that  in  London  about 
15,000  young  females  are  engaged  in 
these  occupations,  and  that "  in  some  of 
what  are  considered  the  best-regulated 
establishments,  during  the  fashionable 
season  (occujiying  about  four  months 
in  the  year),  the  regulated  hours  are 
fifteen,  but  in  emergencies,  which  fre- 
quently occur,  these  hours  extend  to 
eighteen.  In  many  establishments,  the 
hours  of  work  during  the  season  are 
unlimited,  the  young  women  never 
getting  more  than  six,  often  not  more 
than  four,  sometimes  only  three,  and 
occasionally  not  more  than  two  hours 


for  rest  and  sleep  out  of  the  twenty- 
four,  and  ver'j  frequently  they  work  all 

night."  Miss  —  ,  of  Welbeck 

Street,  an  employer,  confesses  that  in 
"  the  drive  of  the  season,"  the  work  is 
occasionally  continued  all  nvjht  three 
times  a-week.  In  some  houses  which 
profess  to  study  the  health  of  their 
young  people,  they  begin  at  4  A.M. 
and  leave  off  at  11  P.M.,  never  earlier. 
One  witness  stated  that  she  had  herself 
worked  tiventy  hours  out  of  the  twenty- 
four  for  three  months  together  ;  and 
when  her  medical  adviser  remonstrated 
against  this  on  account  of  her  health 
giving  way,  his  services  were  dis- 
pensed with  by  her  employer.  Here 
certainly  is  a  state  of  things  which 
calls  loudly  for  a  remedy  ;  and  if  there 
are  insuperable  objections  against  di- 
rect legislative  interference,  it  sui'ely 
becomes  doubly  impei'ative  to  promote 
the  wider  diffusion  of  that  physiologi- 
cal knowledge,  from  which  alone  a 
corrective  for  so  monstrous  an  evil 
can  be  obtained.  It  may  be  traced 
dii-ectly  to  ignorance  and  short-sighted 
selfishness,  rather  than  to  any  perverse 
love  of  cruelty  and  oppression  ;  and 
the  most  effectual  as  well  as  the  safest 
way  to  put  it  down  is  to  strike  at  its 
root.  By  a  compulsory  restrictive 
enactment,  we  may  succeed  in  partially 
suppressing  the  evil  or  hiding  it  from 
public  view  ;  but  so  long  as  its  causes 
are  left  in  operation,  it  will  be  ever 
ready  to  spring  up  with  redoubled 
force  in  some  new  direction.  The 
letters  on  "  Labour  and  the  Poor," 
published  in  1850  in  the  Morning 
Chronicle,  lift  up  the  veil  which  hid 
the  miseries  of  the  destitute,  and  dis- 
close an  amount  of  wretchedness  which 
it  is  difficult  to  conceive.  It  appears 
that  in  London  alone  there  are  35,000 
women  engaged  in  "  slop-sewing,"  and 
that  of  this  number  28,500  are  under 
twenty  years  of  age,  living,  or  rather 
attempting  to  live,  on  sums  varying 
from  4^d.  to  2id.  a-day  !  Where  is  the 
remedy  for  such  a  state  of  things  to 
be  found  ?  Alleviating  and  temporary 
measures  may  be  sought  in  emigra- 
tion, and  the  efforts  of  Lord  Ashley 
and  Mr  Sidney  Herbert  to  raise  a 
fund  for   this   purpose  are  worthy 
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of  all  support.  But  this  resource  will 
leave  the  causes  of  the  distress  still  in 
vigorous  action,  and  no  jiermanent 
good  will  result  till  the  axe  be  laid  to 
the  root  of  the  evil.  This  can  be  done 
by  education  only.  The  multitudes 
who,  sunk  in  ignorance,  now  display 
mental  qualities  often  less  respectable 
than  tliose  of  the  lower  animals,  must 
be  raised  by  education  to  the  rank  of 
moral  and  intelligent  beings,  toafeeling 
of  responsibility  and  self-respect ;  they 
must  be  tauglit  to  curb  their  passions, 
and  to  bear  in  mind  the  duties  they 
owe  to  God  and  to  their  fellow-men.  A 
broadly-based  system  of  National  Edu- 
cation is  the  first  step  towards  the 
permanent  improvement  of  the  work- 
ing-classes. A  man  must  be  trained 
to  use  his  faculties,  precisely  as  a 
mechanic  is  trained  to  use  his  tools. 
With  increased  knowledge  will  come 
increased  power  and  opportunity  of 
gaining  subsistence ;  wider  fields  of 
exertion  will  be  opened,  and  a  perma- 
nent check  will  be  given  to  that  reck- 
less indulgence  of  the  natural  appe- 
tites which  constitutes  the  main  source 
of  the  destitution  and  wretchedness 
that  are  at  present  sapping  the  founda- 
tions of  society. 


CHAPTER  XL 

CAUSES  OF  THE  NEGLECT  OF  PRAC- 
TICAL PHYSIOLOGY  IN  SOCIAL  LIFE. 
— SLOW  AND  INSIDIOUS  ORIGIN  OF 
DISEASE. 

Considering  the  deeply  interest- 
ing character  of  physiology  as  an  ex- 
position of  the  nature  and  functions 
of  the  animal  economy,  it  may  seem 
strange  that  the  study  of  its  nume- 
rous practical  applications  should  have 
been  so  long  and  so  generally  neglect- 
ed. Several  causes  have  contributed 
to  this  result,  and  among  tliese,  per- 
haps the  most  influential  has  been  the 
fact  that  physiology  itself  is  almost  a 
new  science,  and  as  such  exhibits  many 
imperfections.  The  rapid  rate,  how- 
ever, at  which  physiological  discovery 


is  ndw  advancing,  is  continually  re- 
moving this  reason  for  indiiference ; 
and  in  a  short  time  we  may  hope  to 
see  ample  provision  made  in  every 
medical  school  for  inijjarting  to  tlie 
profession,  and  throiigii  it  to  society  at 
large,  that  information  which  is  at 
present  so  much  wanted  regardintr  its 
numerous  applications  to  the  preser- 
vation and  recovery  of  health,  and  to 
the  general  improvement  of  man. 

The  very  gradual  way  in  which 
most  external  influences  produce  their 
etfects  on  the  bodily  constitution,  has 
been  another  cause  of  the  neglect  of 
physiology  by  the  profession  as  well 
as  by  the  public.  When  a  man  loses 
his  life  in  consequence  of  sudden  im- 
mersion in  the  carbonic  acid  of  a 
brewer's  vat,  every  body  perceives  at 
once  the  existence  of  a  sufficient  cause 
for  the  result,  and  can  trace  its  mode 
of  action  in  the  extinction  of  life.  But 
when  a  j>erson  is  subjected  to  the  action 
of  the  same  gas  in  a  more  diluted 
form,  as  in  the  confined  atmosphere  of 
an  ill-ventilated  apartment,  public 
assembly-room,  or  crowded  church, 
the  effect  produced  on  the  bodily 
system  is  much  less  in  degree,  and  in- 
stead of  actual  destruction  of  life,  it 
may  amount  only  to  a  sense  of  unea- 
siness, oppression,  or  headach,  which 
is  disagreeable  at  the  time,  but  which 
goes  otf  on  the  admission  of  pure  air. 
No  sensible  inconvenience  continuing 
afterwards  to  be  felt,  the  conclusion  is 
drawn,  that  the  exposure  has  done  no 
harm ;  and  hence  no  effort  is  made  to 
avoid  or  prevent  its  repetition.  In 
fact  and  in  reason,  however,  the  evil 
done  is  quite  as  certain  in  the  one  case 
as  in  the  other.  The  only  difference 
is,  that,  in  the  one,  the  feeble,  because 
diluted,  poison  produces  a  correspon- 
dingly smaller  effect ;  while  in  the 
other,  the  concentrated  poison  pro- 
duces a  result  so  intense  that  there  is 
no  possibility  of  overlooking  it.  But 
let  the  weaker  poison  continue  to  act, 
as  when  an  individual  lives  habitually 
in  a  vitiated  atmosphere,  and  the  sum 
of  weak  effects  will  go  on  constantly 
accumulating,  till  health  becomes  im- 
paired by  slow  degrees,  and  premature 
death   at  last  ensues,  as  certainly, 
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though  not  so  soon,  as  in  the  other 
case.  Circumstances  may  more  or 
less  retard  or  modify  the  result;  but 
tlie  tendency  of  the  vitiated  air  to  un- 
dermine health,  although  more  palpa- 
ble to  our  senses  in  the  one  case  than  in 
the  other,  is  exactly  the  same  in  both. 
It  is  from  giving  attention  only  to  tlie 
more  striking  cases,  and  overlooking 
the  operation  of  the  more  permanent 
though  slowly  acting]  influences,  that 
so  many  persons  when  in  health  fail  to 
perceive  the  effect  of  external  circum- 
stances and  modes  of  living  in  disturb- 
inff  the  actions  of  the  various  animal 
functions,  however  easily  and  deeply 
the  very  same  persons  may  be  impress- 
ed by  all  extraordinarij  occurrences 
affecting  them.  Thus,  when  any  one 
is  taken  ill,  his  relatives  or  friends 
become  extremely  anxious  to  have  his 
room  properly  ventilated,  his  clothes 
frequently  changed  and  carefully 
aired,  his  food  properly  regulated  in 
quantity  and  quality,  his  skin  cleaned 
and  refreshed,  his  mind  amused  and 
tranquillized,  his  sleep  rendered  sound 
and  undisturbed,  and  his  body  duly 
exercised  ; — and  they  state  as  the  rea- 
son for  all  this  care,  and  most  justly, 
that  pure  air,  cleanliness,  attention  to 
diet,  cheerfulness,  regular  exercise, 
and  sound  sleep,  are  all  higlily  condu- 
cive to  recovery.  Yet  such  is  the  in- 
consistency attendant  on  ignorance, 
that  the  patient  is  no  sooner  restored 
than  both  he  and  his  guardians  often 
become  as  careless  and  indifferent  in 
regard  to  all  such  acts  of  obedience  to 
the  laws  of  health,  as  if  their  influ- 
ence had  ceased,  and  their  future 
neglect  or  observance  could  in  no 
way  affect  him  I  Just  as  if  it  were 
not  better,  by  a  rational  exercise  of 
judgment,  to  preserve  health  when  ive 
have  it,  than  first  to  lose  it,  and  then 
pay  the  penalty  in  suffering  and  dan- 
ger, as  an  indispensable  preliminary 
to  its  restoration  ! 

It  is  from  the  same  prevailing  fal- 
lacy of  supposing  that,  because  glaring 
mischief  does  not  instantly  follow  ever  v 
neglect  of  an  organic  law,  no  harm 
has  been  done — that  we  hear,  for  ex- 
ample, a  dyspeptic  invalid  who  seeks  to 
gratify  his  palate,  affirm  that  vege- 


tables, or  pastry,  or  puddings,  do  not 
disagree  with  him,  as  he  ate  them  on 
such  a  day  and  felt  no  inconvenience 
from  doing  so.  The  same  assurance  is 
given  us  in  regard  to  late  hours,  heat- 
ed rooms,  insufficient  clothing,  and 
all  other  sources  of  bad  health,  every 
one  of  which  is  defended  by  some 
I^atient  or  other,  on  the  ground  that 
he  experienced  no  injury  from  them 
on  a  certain  specified  occasion.  Yet  the 
very  same  individuals,  when  the  rule 
is  applied,  not  to  themselves,  but  to 
others,  will  often  readily  admit  that 
such  things  are,  and  must  be,  very 
hurtful. 

Happy  would  it  often  be  for  suffer- 
ing man  could  he  see  beforehand  the 
modicum  of  punishment  which  his 
multiplied  aberrations  from  the  laws 
of  physiology  are  sure  to  bring  upon 
him.  But  as,  in  the  great  majority  of 
instances,  the  breach  of  the  law  is 
limited  in  extent,  and  becomes  serious 
only  by  the  frequency  of  its  repetition, 
so  is  the  punishment  gradual  in  its 
infliction,  and  slow  in  manifesting  its 
accumulated  intensity ;  and  this  very 
gradation,  and  the  distance  of  time  at 
which  the  full  effect  is  produced,  are 
the  reasons  why  man  in  his  ignorance 
so  often  fails  to  trace  the  connection 
between  his  conduct  in  life  and  his 
broken  health.  But  the  connection 
subsists  although  he  does  not  regard 
it,  and  the  accumulated  consequences 
come  upon  him  when  he  least  expects 
their  appearance. 

It  is  precisely  in  the  same  way  that 
the  debility  so  generally  complained 
of  in  spring  by  invalids  and  persons 
of  a  delicate  constitution,  and  which 
renders  that  season  of  the  year  so  for- 
midable in  prospect  and  so  fatal  in 
reality,  seems,  in  numerous  instances, 
to  result  more  from  the  accumulated 
effects  of  neglect  during  the  preceding 
winter  months,  than  from  any  thing 
inherent  in  the  season  itself.  At 
the  commencement  of  winter,  such 
persons  feel  comparatively  strong  from 
the  beneficial  influences  of  the  open 
air,  light,  and  exercise,  which  they  have 
enjoyed  during  the  summer  and  autum- 
nal months.  But,  in  proportion  as 
they  are  deprived  of  these  benefits 
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by  the  advance  of  winter,  and  are 
subjected  to  the  evil  consequences  of 
confinement,  deficient  exercise,  cold, 
damp  air,  and  deprivation  of  the  sti- 
mulus of  light,  the  strength  of  the 
constitution  becomes  impaired,  and  de- 
bility and  relaxation  begin  to  be  felt, 
and  make  progress  from  day  to  day, 
till,  oil  the  arrival  of  spring,  they  have 
reached  their  maximum,  and  then 
either  give  rise  to  positive  disease,  or 
again  gradually  disappear  on  the  re- 
turn of  the  invigorating  influence  of 
longer  and  warmer  days. 

In  strict  accordance  with  this  view, 
it  is  stated  by  Lugol  as  the  result  of 
very  extensive  observation,  that  the 
firstattack  of  scro/iiZa generally  "occurs 
in  spring,  and  that  every  year  in  spring 
a  recrudescence  (or  fresh  outbreak) 
takes  place.    This  recrudescence  com- 
mences as  the  days  begin  to  lengthen, 
that  is,  about  the  month  of  January. 
The  maximum  is  in  the  month  of 
March,  from  which  date  until  the 
month  of  June,  the  intensity  of  the 
disease  gradually  decreases.  A7«e- 
tentlis  of  the  persons  affected  with  scro- 
fula present  this  annual  exacerbation.''* 
I  need  not  point  out  how  completely 
these  results  bear  out  every  word  of 
the  preceding  paragraph,  written  years 
before  the  work  from  which  the  extract 
is  taken  was  published.   My  views  on 
this  subject  are  supported  also  by  the 
statistical  researches  of  M.  Moser,  and 
of  M.  Quetelet.    The  former,  taking' 
for  the  basis  of  his  calculations  the 
register  of  mortality  of  the  city  of 
Konigsberg,  found  that  the  month  of 
February  was  most  fatal  to  young 
children,  and  adults  past  their  prime  ; 
while   JIarch  and   April   shewed  a 
greater  mortality  of  persons  of  the 
intermediate  age.    M.  Quetelet's  re- 
searches are  more  minute,  and  still 
more  conclusive.     It  appears  from 
them  that  the  greatest  mortality  of 
children  under  2  years  of  age  occurs 
in  Januai'y,  of  those  between  2  and  3 
years  in  March,  between  3  and  12 
years  in  April,  and  between  12  and  16 
years  in  May  ;  the  period  of  greatest 
mortality  thus  always  receding  as  the 

•  Lancet,  22d  June  1844,  p.  417. 


vigour  of  the  system  increases.*  On 
a  larger  scale  the  returns  of  the 
Registrar-General  point  to  the  same 
truth,  by  shewing  that  when  no  violent 
disturbing  causes,  such  as  pestilence 
or  famine,  interfere,  the  largest  num- 
ber of  deaths  takes  place  in  England 
and  Wales  during  the  quarter  ending 
31st  March.  The  average  number  of 
deaths  in  each  of  the  four  quarters  of 
the  four  years  1838-41  was,  in  the 

1st  quarter — 97,765 

2d  quarter— 89,141 

3d  quarter— 75,707 
4th  quarter— 83,639t 
The  influence  of  cold  and  diminished 
light,  and  of  overcrowding  for  the  sake 
of  warmth,  are  thus  strikingly  shewn  I 
by  the   increased   mortality  of  the 
colder  months.    "  A  fall  of  the  mean  ' 
temperature  of  the  air,"  says  the  Re- 
gistrar-General, "  from  45°  to  4°  or  5° 
below  the  freezing   j^oi"*  of  water 
(32°)  destroys  (in  a  week)  from  300  to 
400  lives  in  London. "| 

It  seems,  therefore,  obvious  that,  in 
most  cases,  the  hurtful  cause  is  not,  as 
is  commonly  supposed,  so  much  any 
positive  quality  of  the  season,  as  the 
accumulated  mass  of  the  winter  influ- 
ences then  reaching  its  maximum ; 
and  this  is  not  perceived,  only  because 
the  effect  from  day  to  day,  although 
i>erfectly  real,  is  too  small  to  attract 
notice,  while  the  aggregate  result  of 
the  many  days  composing  winter  is 
striking  enough.  The  feeble  in  con- 
stitution give  way  first;  those  who 
are  stronger  offer  a  longer  resistance. 
The  fact  that  persons  who  deny  them- 
selves the  delight  of  late  parties  and 
crowded  rooms,  and  are  sufl'iciently 
robust  to  undergo  the  necessary  expo- 
sure in  winter,  suffer  much  less  in 
spring,  corroborates  the  explanation 
we  have  given. § 

»  Levy,  Traito  d'Hygione,  vol.  ii.  p.  499. 
Paris,  1845. 

+  Fifth  Annual  Report,  p.  x. 

J  Eiglitli  Annual  Report,  p.  xxxvii. 

§  Although  it  is  true  that  the  east  winds 
prevalent  in  spring  are  of  themselves  in- 
jurious in  eases  of  pulmonary  disease  or 
great  susceptibility  of  the  constitution,  this 
fact  is  nowise  inconsistent  with  the  opinion 
here  advanced.      l:i  every  instance,  the 
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Of  the  truth  and  practical  value  of 
the  views  above  expressed,  the  author 
may  be  allowed  to  quote  his  own  case 
as  an  instructive  example.  In  1820 
he  began  to  suffer  from  illness  of  a 
consumptive  character,  Avhich  caused 
his  life  to  be  desjjaired  of.  At  the 
end  of  three  years  he  had  gradually 
regained  a  state  of  health  sufficient  to 
enable  hira  to  engage  in  practice,  but 
far  short  of  what  had  been  usual  with 
hira  before  his  illness.  In  1831,  after 
an  interval  of  nine  years,  a  second 
attack  of  the  same  character  super- 
vened, and  forced  him  again  to  go  to 
a  milder  climate.  In  January  and 
February  1832  his  condition  was  such 
as  to  leave  little  hope  of  his  surviving 
the  spring.  Aware  that  his  only 
chance  lay  in  assisting  nature  to  the 
utmost  extent  by  jilacing  every  organ 
in  the  circumstances  best  fitted  for  the 
healthy  performance  of  its  function, 
he  acted  habitually  on  the  principle  of 
yielding  the  strictest  obedience  to  the 
physiological  laws  and  rendering  every 
other  object  secondary  to  this.  He  did 
so  in  tlie  full  assurance  that,  whether 
recovery  followed  or  not,  this  was, 
at  all  events,  tlie  most  certain  way  to 
secure  the  greatest  bodily  ease  and 
the  most  perfect  mental  tranquillity 
compatible  with  his  situation.  The 
result  was  in  the  highest  degree  satis- 
factory. From  the  condition  of  being 
obliged  to  jiause  twice  in  getting 
out  of  bed,  a  slow  but  progressive 
improvement  took  place,  and  by  long 
and  steady  j)erseverance  continued 
till,  at  the  end  of  two  or  three  months, 
he  was  able  to  drive  out  and  walk  a 
little  every  day.  From  month  to  month 
afterwards,  the  amendment  was  so 
gradual  as  to  be  scarcely  perceptible ; 
but  at  the  end  of  a  longer  period  the 
difference  was  striking  enough.  Thus 
encouraged,  he  continued  true  to  his 
principles,  and  firm  in  resisting  every 
temptation  to  which  improving  health 
exposed  him  :  and  the  result  was,  that, 
with  one  or  two  exceptions,  every 

power  of  resisting  the  prejudicial  effect  of 
spring  weather  will  be.  greater  or  less, 
according  as  the  laws  of  physiology  have 
been  well  or  ill  observed  dui'ing  the  winter 
months. 


successive  year  from  1832  up  to  Janu- 
ary 1841  found  him  more  healthy  and 
vigorous  than  before,  and  that  many 
of  his  jjrofessional  friends  who  long 
regarded  his  partial  convalescence  as 
destined  to  be  of  very  brief  duration, 
could  not  refrain  from  expressing  sur- 
prise on  observing  it  to  be  still  per- 
ceptibly advancing  at  the  end  of  ten 
years.     The  disease,  it  is  true,  has 
once  more  resumed  its  activity  and 
disabled  him  for  exertion  ;  but  again 
he  has  derived  the  greatest  benefit 
from  a  strict  and  patient  observance 
of  the  physiological  laws  in  circum- 
stances of  a  very  unpromising  kind. 
Instead  of  being  cut  off  in  a  few 
months,  as  from  the  existing  disorgan- 
isation his  professional  friends  expect- 
ed, he  is  not  only  still  alive  (August 
1846),  but  in  the  enjoyment  of  a  share 
of  health   and   comfort   rarely  met 
with  in  a  frame  so  radically  under- 
mined.   The  author  ventures  to  pub- 
lish this  example,  both  because,  as  an 
illustration  of  the  advantages  of  act- 
ing in  accordance  with  the  laws  of 
our  nature,  it  is  as  instructive  as  any 
with  which  he  is  acquainted,  and  be- 
cause it  strikingly  shews  the  opera- 
tion of  the  gradual  accumulation  of 
almost  inperceptible  but  ever  active 
influences  in  surely,  though  slowly,  re- 
storing him  to  a  degree  of  health  and 
enjoyment  which  has  richly  repaid 
him  for  all  the  privations  submitted  to. 
Had  he  not  been  fully  aware  of  the 
gravity  of  his  own  situation,  and,  from 
previous  knowledge  of  the  admirable 
adaptation  of  the  physiological  laws 
to  carry  on  the  machinery  of  life, 
been  disposed  to  place  implicit  reliance 
on  the  superior  advantages  of  con- 
forming to  them   as  emanations  of 
Divine  Wisdom,  he  never  would  have 
been  able  to  persevere  in  the  pre- 
scribed course  with  that  steady  and 
long-enduring  regularity  and  cheer- 
fulness which   have   contributed  so 
much  to  their  successful  observance 
and  results.    And  therefore  he  feels 
'  himself  entitled  to  call  upon  those 
who,  impatient  at  the  slowness  of 
their  progress,  can  hardly  restrain 
themselves  after  a  time  from  disre- 
garding  all   restrictions,  to   take  a 
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sounder  view  of  their  true  position, 
to  make  themselves  acquainted  Avith 
the  real  dictates  of  the  organic  laws, 
and,  having  done  so,  to  yield  thorn 
full,  implicit,  and  persevering  obedi- 
ence, in  the  certain  assurance  that 
they  will  reap  their  reward  in  re- 
newed health,  if  recovery  be  still  jios- 
sible  ;  and  if  not,  that  they  will  there- 
by obtain  more  peace  of  mind  and 
bodily  ease  than  by  any  other  means 
which  they  can  use.* 

*  Notwithstanding  the  author's  death, 
the  editor  has  judged  it  proper  to  leave  this 
passage  unaltered.    To  render  it  still  more 
instructive,  he  subjoins  the  further  history 
of  the  case.    Dr  Combe  continued  to  enjoy 
that  "  share  of  health  and  comfort "  of 
wliich  he  speaks,  till  the  spring  of  1847, 
when,  (having  always  derived  much  advan- 
tage from  sea-voynges,  and  being  desirous 
to  visit  a  brother  who  had  been  many  years 
settled  in  the  United  States,)  he  consulted 
his  medical  friends  as  to  the  propriety  of 
crossing  the  Atlantic.   Receiving  from  them 
no  discouragement,  he  embarked  at  Liver- 
pool in  April  for  New  York.  As  it  happened, 
the  vessel  carried  a  crowd  of  emigrants, 
chiefly  Irish,  who  occupied  the  steerage, 
which  extended  the  whole  length  of  the 
ship,  and  of  course  partly  under  the  cabin. 
The  partitions  and  flooring  being  imperfect, 
allowed  the  passage  of  the  foul  emanations 
arising  from  a  large  number  of  individuals, 
crowded  together  in  a  narrow  and  ill-venti- 
lated hold;  and  the  prolonged  respiration, 
especially  during  the  night,  of  an  atmo- 
sphere thus  vitiated,  exerted  a  deleterious 
influence  on  his  constitution  and  lowered 
the  tone  of  his  system.    Accordingly,  after 
a  short  stay  in  America,  where  the  season 
happened  to  be  unusually  hot,  he  retui'ned 
to  Scotland  in  a  less  satisfactory  state  than 
when  he  left  it.    His  condition,  however, 
did  not  become  alarming  till  within  eight 
days  of  his  death,  the  immediate  cause  of 
which  was  chronic  disease  of  the  bowels, 
which,  coming  suddenly  to  a  crisis,  defied 
every  effort  of  medical  skill,  and  terminated 
his  existence  on  the  9th  of  August,  at  the 
!^e  of  4  9  years.    The  body  was  examined 
about  13  hours  after  death,  by  Dr  John 
Scott  and  Dr  Handyside,  the  former  of 
whom  drew  up  the  following  report  : — 

"  The  skull  was  remarkably  thin  and 
regular  in  its  walls  ;  tlie  internal  surface 
more  deeply  marked  by  the  blood-vessels 
than  usual  ;  the  brain  exceedingly  healthy. 

"  The  thorax  was  much  contracted  on  the 
left  side,  especially  on  the  superior  part, 
measuring  fully  two  inches  less  than  the 


From  the  preceding  explanation  of 
the  slow  but  gradually  increasing  effect 
of  both  noxious  and  healthful  influ- 
ences on  the  human  body,  it  is  obvious 
that  while,  on  the  one  hand,  it  would 
be  erroneous  to  infer  that  a  single  ap- 
plication of  a  remedy,  or  single  fulfil-  j 
ment  of  a  physiological  law  is  useless, 
merely  because  no  appreciable  benefit 
has  instantly  ensued ;  on  the  other 
hand,  it  would  be  equally  erroneous 
to  infer  that  because  a  single  excess  of 

right,  and  being  flattened  and  depressed  un- 
der the  clavicle  and  the  two  first  ribs.  On 
removing  the  sternum,  the  right  lung  was 
found  very  large,  passing  to  the  left  side  of 
the  sternum  and  filling  a  space  in  the  left 
side  of  nearly  two  inches  in  breadth,  and 
three  in  length.  The  right  lung  itself  was 
adherent  to  the  pleura  costalis  by  scattered 
and  firm  adhesions.  The  lower  surface  was 
more  especially  attaclied  to  the  diaphragm 
by  very  close  adhesions.  The  luug  in  its 
texture  was  in  some  places,  especially  to- 
wards the  lower  part,  congested,  but  every- 
where pervious  to  air,  and  without  any 
tubercles.  The  bronchial  tubes  were  firmer 
and  larger  than  natural. 

"  The  left  lung  was  contracted  to  a  very 
small  size,  and  adherent  by  very  thick  and 
strong  false  membranes,  especially  in  the 
summit,  to  the  ribs  ;  the  adhesions  were  bo 
strong  that  the  lung  was  with  dilliculty  re- 
moved.   The  summit  was  particularly  in- 
durated and  infiltrated  with  black  matter, 
but  without  any  change  in  its  structure. 
It  also  contained  many  large  and  small 
caverns.    The  lung  was  without  any  tu- 
bercle or  cretaceous  matter.    The  surface 
was  black,  and  this  colour  was  found  to 
pervade  the  pulmonary  texture  generally  ; 
the  cellular  appearance  was,  however,  still 
visible.  The  upper  lobe  was  dense  in  struc- 
ture and  hollowed  out  into  numerous  ca- 
verns opening  into  each  other  in  some 
instances,  in  others  single  and  of  smaller 
size.    These  extended  from  the  summit  of 
the  lung,  and  cliiefly  occupied  the  anterior 
part,  and  opposite  the  first  and  second  rib. 
The  bronchial  tubes,  some  of  a  large  size, 
opened  directly  into  the  caverns  and  were 
continuous  with  them.    The  longitudinal 
fibres  in  the  larger  bronchial  tubes  were 
particularly  strong,  and  the  circular  ones 
in  the  smaller.     The  caverns  themselves 
were  remarkably  regular  in  shape,  especi- 
ally when  single,  and  were  lined  by  a  fine, 
smooth,  thin  membrane.    Tlie  opening  of 
botli  small  and  large  bronchial  tubes  was 
easily  perceived  in  them  ;  they  were  more 
generally  dilatations  of  the  extreme  termi- 
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any  kind  does  not  produce  an  imme- 
diate attack  of  disease,  it  therefore 
must  be  harmless.  For  it  is  only  when 
the  noxious  agent  is  very  powerful  in- 
deed, as  in  the  case  of  an  active  poison, 
that  its  deleterious  influence  on  the 
system  becomes  instantly  sensible.  In 
the  great  majority  of  situations  to 
which  man  is  exposed  in  social  life, 
it  is  the  continued  or  the  reiterated  ap- 
plication of  less  powerful  causes  which 
gradually,  and  often  imperceptibly, 
unless  to  the  vigilant  eye,  effects  the 
change,  and  ruins  the  constitution  be- 
fore danger  is  dreamt  of.  Hence,  the 
great  mass  of  human  ailments  is  of 
slow  growth  and  slow  progress,  and 
admits  only  of  a  slow  cure ;  whereas 
those  which  are  suddenly  induced  by 
violent  causes,  are  urgent  in  their  na- 
ture and  rapid  in  their  course.  And 
yet  so  little  are  we  accustomed  to  trace 
diseased  action  to  its  true  causes,  and 
to  distinguish  between  the  essential  and 
the  accidental  in  the  list  of  consequen- 
ces, that,  as  already  observed,  if  no 
glaring  mischief  follow  any  particular 
practice  within  at  most  twenty-four 
hours,  nine  out  of  ten  individuals  will 
come  to  the  conclusion  that  it  is  per- 
fectly harmless,  even  where  the  reverse 
is  the  demonstrable  fact. 

The  benevolence  and  wisdom  of  this 
arrangement  are  very  conspicuous. 
There  are  many  casual  influences  from 
the  agency  of  which  man  will  never 
be  able  entirely  to  protect  himself.  If 
they  are  speedily  withdrawn  from  him, 

nations,  than  merely  dilatations,  of  the  large 
broiicliiie.    There  was  no  emphysema. 

"  The  lower  lobe  was  fleshy,  jiretty  lirm, 
but  retained  more  of  the  natural  appear- 
ance than  the  upper.  The  heart  was  large, 
but  not  diseased.  Tlie  kidneys  seemed  na- 
tural in  structure,  but  were  filled  with  a 
gi-eyish-coloured  thick  fluid.  The  colon  and 
rectum  were  thickened  throughout,  and 
covered  with  minute  ulcerations,  some  very 
small,  and  others  of  considerable  size.  The 
muscular  and  mucous  coat  of  the  rectum 
was  thickened." 

See  Life  and  Correspondence  of  Andrew 
Combe,  M.D.,  by  George  Combe,  p.  538 
(Edinburgh,  1850);  a  work  which  furnishes 
a  detailed  history  of  Dr  Combe's  case,  and 
of  the  means  by  which  he  so  long  i-esisted 
the  disease. 


the  slight  disorder  which  they  produce 
quickly  ceases,  and  health  remains  es- 
sentially undisturbed.  But,  if  they 
are  left  in  operation  for  a  considerable 
length  of  time,  the  derangement  which 
they  excite  increases  gradually  and 
slowly,  till  at  last  a  state  of  disease 
becomes  established,  which  requires  an 
equally  long  or  a  longer  period,  and  a 
steady  observance  of  the  laws  of  health, 
for  its  removal. 

Such  is  the  history  of  the  rise  and 
progress  of  most  of  the  ailments  which 
afflict  the  human  family,  and  the  source 
of  the  grand  distinction  between  acute 
and  chronic  diseases.   But  from  ignor- 
ance of  physiology,  how  many  are 
blind  to  the  evil  operation  of  the  many 
local  causes  of  disease  by  which  they  are 
surrounded  in  ill-drained,  ill-ventila- 
ted, and  ill-cleaned  towns  !   The  causes 
act  slowly,  and  are  therefore  supposed 
to  be  harmless.    In  drawing  this  in- 
ference people  overlook  the  difference 
between  chronic  and  acute  diseases, 
and  are  apt  to  wonder  that  a  severe 
disease  like  inflammation  should  run  its 
course  in  a  few  days,  while  dyspeptic 
and  nervous  ailments  require  months 
for  their  cure.  But  their  wonder  would 
be  diminished  by  attending  to  the  fact, 
that  the  one  generally  dates  its  rise 
from  a  strong  cause  applied  within 
perhaps  a  few  hours  or  a  few  days  ; 
while  the  others   are  the  slow  and 
gradual  results  of  months  or  years  of 
previous  anxiety  or  neglect  of  dietetic 
rules  and  exercise,  during  which  the  ail- 
ment was  maturing  unnoticed  and  tm- 
suspected.    Had  the  real  state  of  the 
matter  been  early  perceived,  and  the 
causes  been  removed,  the  dyspeptic 
and  nervous  invalids  would  have  re- 
gained health  and  serenity  in  pro- 
portionally little  time,  and  with  pro- 
portionally little  suffering.    In  such 
cases.  Nature  kindly  allows  some  lati- 
tude of  action  free  of  serious  penalty, 
as  if  on  purpose  to  protect  us  from  be- 
ing hurt  by  such  occasional  exposure 
as  we  are  necessarily  subjected  to  by 
the  ordinary  vicissitudes  of  life  ;  but 
it  is  always  on  condition  of  returning 
to  obedience  the  moment  the  necessity 
is  over.    If  we  presume  on  the  indul- 
gence being  permanent,  the  evil  will 
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accumulate,  and  health  be  destroyed ; 
but  if  we  return  in  time  to  the  right 
path,  little  inconvenience  will  ensue. 
Where,  however,  the  injurious  influ- 
ences ai'e  of  a  more  energetic  kind, 
equal  latitude  of  exposure  is  obviously 
incompatible  with  safety.  Were  they 
not  to  enforce  immediate  notice,  our 
corporeal  organs  might  be  irrecover- 
ably altered  by  disease  before  M  e  took 
the  alarm ;  and  it  is  therefore  the 
purest  benevolence  to  attach  immedi- 
ate suffering  to  them,  in  order  to  ensure 
that  instant  attention  which  alone  can 
stay  the  rapidity  of  their  progress. 

In  chronic  or  slowly  arising  diseases, 
then,  the  separation  of  the  effect  from 
its  cause  is  only  apparent  and  not  real ; 
and  in  practice  it  is  essential  to  keep 
I  this  in  mind.  A  fit  of  insanity,  for 
example,  is  often  said  to  have  come  on 
without  any  cause,  when,  on  minuter 
examination,  causes  can  be  easily 
traced  operating  through  many  pre- 
vious months,  only  not  of  so  violent 
a  nature  as  to  have  at  once  upset  rea- 
son. The  same  will  be  found  to  hold 
in  almost  all  those  slow  and  insidious 
illnesses  which  so  often  baffle  our  best 
efforts;  and  although  at  present  we 
cannot  always  discover  their  true  ori- 
gin, it  is  clear  that  we  shall  ultimately 
succeed  much  better  if  we  believe  them 
to  have  causes  which  may  be  found 
out,  than  if  we  regard  them  as  mys- 
teries which  no  amount  of  study  or 
attention  can  ever  enable  us  to  ex- 
plain. 

It  is  this  apparent  but  unreal  sepa- 
ration of  the  effect  from  its  cause, 
which  has  given  rise  to  the  variety  of 
opinions  entertained  in  regard  to  the 
qualities  of  the  same  agents,  and  which 
has,  perhaps,  tended  more  than  any- 
thing else  to  discourage  rational  re- 
gard to  the  means  of  preserving 
health  ;  and  led  us  practically  to  look 
upon  the  effects  of  air,  food,  exercise, 
and  dress,  as  very  much  matters  of 
chance,  subject  to  no  fixed  rule,  and 
therefore  little  worth  attending  to, 
except  when  carried  to  palpable  ex- 
tremes, or  in  the  cure  of  disease. 
But  were  the  generality  of  intelligent 
persons  better  acquainted  with  the 
functions  of  the  human  body,  and  their 


laws,  many  of  these  anomalies  in  prac- 
tice would  disappear ;  the  sources  of 
much  suffering  would  be  dried  up,  and 
the  happiness  of  the  community  at 
large  be  essentially  promoted.  Me- 
dical men  would  no  longer  be  con- 
sulted so  exclusively  for  the  cure  of 
disease,  but  would  also  be  called  upon 
to  advise  regarding  the  best  means  of 
strengthening  the  constitution,  from 
an  early  period,  against  any  accidental 
or  hereditary  susceptibility  which 
might  exist.  More  attention  Avould  be 
paid  to  the  jireservation  of  health  than 
is  at  present  practicable;  and  the 
medical  man  would  then  be  able  to 
advise  with  increased  effect,  because 
he  would  be  comparatively  well  un- 
derstood, and  his  counsel,  in  so  far  at 
least  as  it  was  based  on  accurate  obser- 
vation and  a  right  application  of  prin- 
ciples, would  be  perceived  to  be,  not 
a  mere  human  opinion,  but  in  reality 
an  exposition  of  the  will  and  inten- 
tions of  a  beneficent  Creator,  and 
would  therefore  be  felt  as  carrying 
with  it  an  authority  to  which,  as  the 
mere  dictum  of  a  fallible  fellow-crea- 
ture, it  could  never  be  considered  as 
entitled. 

Even  as  regards  recovery  fi-om  dis- 
ease, the  importance  of  keeping  up  a 
habitually  good  state  of  health  can 
scarcely  be  over-rated ;  because  the 
state  of  the  constitution  at  the  time  of 
the  attack  exercises  a  marked  influence 
over  the  resulting  mortality.  Hence, 
when  an  epidemic  seizes  on  an  en- 
feebled population,  the  number  of  vic- 
tims is  always  proportionally  large. 
This  was  exemjjlified,  for  instance,  in 
Manchester  and  its  suburbs,  where, 
from  deleterious  influences,  the  morta- 
lity, under  ordinary  circumstances,  is 
about  double  that  of  the  healthiest 
parts  of  the  country.  In  the  quarter 
ending  September  30,  1846,  the  mor- 
tality rose,  under  the  influence  of  epi- 
demic disease,  from  2411,  the  mortality 
of  the  corresponding  quarter  of  the 
preceding  year,  to  4248 ;  while  the 
mortality  of  the  rural  district  of 
Anglesea,  with  a  population  of  about 
a  tenth  of  that  of  Manchester,  was 
only  149  and  160  for  the  same  pe- 
riods.   Another  illustration  is  afford- 
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ed  by  the  fearful  ravages  which 
cholera  committed,  in  1849,  among 
the  half-starved  children  at  Tooting, 
and  the  debilitated  paupers  of  the 
Taunton  workhouse.  It  is  not  there- 
fore surprising  to  find  the  experienced 
and  sagacious  Louis  remarlcing,  that 
although  inflammation  of  the  lungs 
is  a  very  serious  and  often  fatal 
disease,  it  almost  always  terminates 
favourably  when  it  occurs  in  persons 
previoushj  healthy;  and  that,  under 
the  same  conditions,  he  had  never 
known  erysipelas  of  the  face,  or  ente- 
ritis, prove  fatal.*  So  also  it  is  noto- 
rious, that  in  an  unhealthy  state  of  the 
body,  the  slightest  accident,  or  attack 
of  disease,  will  suffice  to  cause  death. 
A  mere  scratch  on  the  finger,  a  com- 
mon cold,  or  a  little  irritation  in  the 
bowels,  will  often,  in  such  circum- 
stances, terminate  fatally  ;  while,  in 
an  ojjposite  or  sound  state  of  the  sys- 
tem, the  severest  accidents,  or  attacks 
of  acute  disease,  may  be  encountered 
with  little  risk  of  death,  or  even  of 
permanent  bad  consequences.  With 
facts  like  these  before  our  eyes,  it  is 
strange  indeed,  that  medical  men 
should  have  devoted  so  little  attention 
to  the  means  of  preserving  or  improv- 
ing the  physical  well-being  of  the  race 
— a  subject  to  which  even  the  ancient 
philosophers  and  physicians  attached 
the  higliest  importance,  and  which 
they  justly  considered  as  falling  direct- 
ly within  the  province  of  the  medical 
practitioner.  Nothing  can  shew  more 
strikingly  the  little  value  hitherto  at- 
tached to  tlie  practical  uses  of  physi- 
ology, than  the  fact  that  even  yet  there 
is  scarcely  a  medical  school  in  tliis 
country  in  wliich  the  science  of  jjre- 
ventive  medicine  is  brought  specially 
under  the  notice  of  the  student.  In 
some  of  the  foreign  universities,  how- 
ever, it  has  long  constituted  an  essen- 
tial part  of  medical  education  ;  and  in 
Fi'ance,  a  journal  of  Hygiene  has  ex- 
isted for  several  years.  But  in  this 
country,  with  the  exception  of  tlie 
London  University,  which,  since  the 
publication  of  the  early  editions  of 
this  work,  has  done  itself  honour  by 

•  Lancet,  ii.  p.  107. 


being  the  first  institution  in  Britain 
to  require  an  acquaintance  with 
Hygiene  from  intending  candidates  for 
its  diploma,  the  subject  has  nowhere 
been  treated  with  anything  like  the 
regard  which  it  assuredly  deserves.* 
The  result  of  this  serious  omission  is, 
that  the  young  practitioner  is  educated 
without  having  made  himself  suffici- 
ently familiar  with  the  conditions  on 
which  the  healthij  action  of  the  animal 
economy  depends,  or  having  even 
rightly  appreciated  the  importance  of 
such  knowledge ;  so  that,  in  common 
with  his  patient,  he  not  only  neglects 
the  important  agency  of  hygienic  in- 
fluences in  the  cure  of  disease,  but 
sometimes  unwittingly  allows  the  ope- 
ration of  morbid  causes  to  go  on  with- 
out interference,  where,  by  a  timely 
warning  on  his  part,  serious  illness 
might  be  averted — or  unconsciously 
permits  the  gradual  ripening  of  here- 
ditary tendencies  into  active  disease, 
whicli  rational  precautions,  early  re- 
sorted to,  might  have  kept  in  subjec- 
tion through  many  years.  "  It  is  much 
more  I'ational,"  says  Professor  Mulder 
of  Utrecht,  "  to  prevent  than  to  cure 
disease.  For  myself,  if  it  were  a  mat- 
ter of  choice,  I  would  much  rather  see 
preservers  of  health  than  curers  of  dis- 
ease among  us,  although  it  is  cer- 
tainly most  desirable  that  there  should 
be  both.  It  is  unfortunately  the  case, 
however,  that  at  none  of  our  uni- 
versities is  instruction  provided  for 
the  former."  t  But  the  day  is  perhaps 
not  far  distant,  when  a  degree  of  im- 
portance will  be  ascribed  to  the  prac- 
tical application  of  the  doctrines  of 
Hygiene,  far  surpassing  what  those 
who  have  not  reflected  on  the  subject 
may  think  it  deserves.  In  the  case  of 
the  lower  animals,  the  necessity  of 
modifying  the  method  of  rearing 
according  to  the  peculiarities  of  con- 
stitution which  they  present,  has  long 
been  perceived  and  consistently  sub- 
mitted to  in  practice  ;  and  the  extent 

»  Tlie  London  Monthly  Journal  of  Public- 
Health  (1848-9),  though  ably  conducted, 
had  but  a  short  existence. 

T  Die  Erniihniiig  in  ihrem  Zusammen- 
hange  mit  dum  Volksgeist,  p.  13. 
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to  which  we  can  thus  secure  the  deve- 
lopment and  efficiency  of  almost  any 
organ  and  quality,  has  often  been  the 
theme  of  admiration  and  surprise. 
There  can  scarcely  be  a  doubt  that 
were  physiological  principles  followed 
to  an  equal  extent  in  the  cultivation 
of  the  physical,  moral,  and  intellectual 
powers  of  man,  a  corresponding  degree 
of  success  would  reward  our  exertions 
in  his  improvement.* 

It  is  true  that  many  medical  men, 
sooner  or  later,  work  out  a  practical 
knowledge  of  physiology  for  them- 
selves ;  but  I  have  no  hesitation  in 
saying  that  these  are  exceptions  to  the 
general  rule,  and  that  the  greater 
number  pass  thi-ough  life  without  a 
conception  of  its  real  value.  Even 
those  who  ultimately  become  familiar 
with  tlie  subject,  almost  always  attain 
their  knowledge  only  after  having  suf- 
fered from  the  want  of  it;  and  rarely 
master  it  so  completely  as  they  would 
have  done  had  it  been  made  a  part  of 
their  elementary  education,  to  which 
they  saw  others  attach  importance. 
In  ray  own  instance,  it  was  only  after 
having  both  suffered  in  health  myself, 
and  had  some  experience  in  practice, 
that  I  had  occasion  to  feel  and  to  ob- 
serve the  evils  arising  from  the  ignor- 
ance which  prevails  in  society  regard- 
ing it.t 

The  jjractical  neglect  of  physiolo- 
gical knowledge  in  the  training  and 
education  of  the  young,  and  especially 
of  medical  students,  appears  to  me  to 
have  arisen  to  a  great  extent  from  the 
unnatural  separation  of  the  different 
branches  of  medical  science  from  each 
other  by  their  cultivators  and  teachers, 

*  This  opinion  is  powerfully  advocated 
and  illustrated  in  an  American  work, 
entitled  "  Xlionglits  on  Physical  Education 
and  the  True  Mode  of  Improving  tlie  Con- 
dition of  Miin.  By  Charles  Caldwell,  M.D., 
Professor  of  the  Institutes  of  Medicine  and 
Medical  Jurisprudence,  Louisville,  Ken- 
tucky. Second  British  Edition  ;  with  a  Pre- 
face by  George  Combe."  Edinburgh,  1844. 

t  See  a  fuller  statement  of  Dr  Combe's 
views  on  this  subject  in  his  letter  to  Sir 
James  Clark  "  On  the  Importance  of 
Hygiene  as  a  Branch  of  Medical  Education," 
forming  the  19th  chapter  of  his  Life  and 
Correspondence. — Ed. 


and  the  exclusive  devotion  of  each  to 
his  own  favourite  dejjartment.  So  far, 
indeed,  has  this  separation  been  car- 
ried, and  so  injurious  is  the  consequent 
habit  of  contemplating  objects  from 
the  narrowest  point  of  view,  that  I 
have  known  a  very  able  teacher  of 
physiology,  in  his  public  lectures, 
ridicule  the  very  notion  of  laying 
down  general  rules  for  the  preserva- 
tion of  health,  and  imagine  that  he  set 
the  matter  entirely  at  rest  by  the 
simple  assertion  that  variety  is  advan- 
tageous, and  that,  therefore,  uniformity 
of  obedience  to  any  rules  must  be  preju- 
dicial— as  if  it  were  not  of  the  very 
essence  of  general  laws  to  be  modified 
in  their  ojieration  and  results  by  the 
circumstances  under  which  they  act ; 
and  as  if,  because  of  such  modifications, 
their  influence  might  with  safety  be 
entirely  neglected.* 

Many,  however,  wlio  are  fully  sen- 
sible of  the  value  of  health,  are  still 
haunted  by  the  notion  that  to  teach 
any  one  how  to  take  care  of  his  own 
health  is  sure  to  do  harm,  by  making 
him  constantly  thinlc  of  this  and  the 
other  precaution,  to  the  utter  sacrifice 
of  every  noble  and  generous  feeling, 
and  to  the  certain  production  of  hy- 
pochondriacal peevishness  and  discon- 
tent. The  result,  however,  is  exactly 
the  reverse  ;  and  it  would  be  a  singu- 
lar anomaly  in  the  constitution  of  the 
moral  world  were  it  otherwise.  He 
who  is  familiarly  acquainted  with 
grammar  and  orthography,  writes 
and  spells  so  easily  and  accurately  as 
scarcely  to  be  conscious  of  attending 
to  the  rules  by  which  he  is  guided  ; 
while  he,  on  the  contrary,  who  is  not 
instructed  in  either,  and  knows  not 
how  to  arrange  his  sentences,  toils  at 
the  task,  and  sighs  at  every  line.  The 
same  principle  holds  in  regard  to 
health.  Whoever  is  acquainted  with 
the  constitution  of  the  human  body, 
and  with  the  laws  of  its  action,  sees  at 
once  his  true  position  when  exposed  to 

*♦  The  Icfcturer  above  alluded  to  after- 
wards changed  his  opinions  so  far,  as  not 
only  to  deliver  a  course  of  popular  lectures 
on  Physiology,  but  to  publish  in  favour  of 
its  being  considered  an  Indispensable  branch 
of  general  education. 
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the  causes  of  disease,  decides  what 
ought  to  be  done,  and  thereafter  feels 
himself  at  liberty  to  devote  his  undi- 
vided attention  to  the  calls  of  higher 
duties.  But  it  is  far  otherwise  with 
the  man  who  is  destitute  of  this  in- 
formation. Uncertain  of  the  nature 
and  extent  of  the  danger,  he  knows 
not  to  which  hand  to  turn  for  safety, 
and  either  lives  passively  in  the  fear 
of  mortal  disease,  or,  in  his  ignorance, 
resorts  to  irrational  and  hurtful  pre- 
cautions, to  the  certain  neglect  of  those 
which  he  ought  to  use.  It  is  ignorance, 
then,  and  not  knowledge,  which  ren- 
ders an  individual  full  of  fancies  and 
apprehensions,  and  robs  him  of  his 
usefulness.  It  would  be  a  stigma  on 
the  Creator's  wisdom  if  true  knowledge 
weakened  the  understanding  and  led 
to  injurious  results.  And  accordingly, 
the  genuinehypochondriac,  whose  blind 
credulity  leads  him  to  the  implicit 
adojJtion  of  every  monstrous  specific,  is 
not  the  man  who  has  gained  whole- 
some knowledge  by  patient  study  in 
the  field  of  nature — but  he  who  has 
derived  his  notions  of  the  human  con- 
stitution, and  of  the  laws  of  nature, 
from  the  obscure  recesses  of  his  own 
unenlightened  imagination. 

If,  indeed,  ignorance  were  itself  a 
preventive  of  the  danger,  or  could 
provide  a  remedy  when  it  approached, 
then  might  we  readily  allow  that  "  ig- 
norance is  bliss but  as  it  gives  only 
the  kind  of  security  which  shutting 
the  eyes  affords  against  the  dangers  of 
a  precipice,  and  thus  leaves  its  victim 
doubly  exjjosed,  it  is  high  time  to  re- 
nounce its  friendship  and  protection, 
and  to  seek  the  support  of  a  more 
powerful  and  beneficent  ally.  If  ig- 
norance could  divest  us  even  of  the 
sense  of  anxiety  attending  the  appre- 
hension of  evil,  the  consequent  tran- 
quillity of  mind,  deceptive  though  it 
were,  would  be  at  least  some  compen- 
sation for  submitting  to  its  rule.  But, 
unhappily,  so  far  from  ignorance  of 
the  nature  and  extent  of  the  threaten- 
ing danger  saving  us  from  gloomy  an- 
ticipations, the  fact  is  notoriously  the 
reverse  ;  for  the  darkest  picture  ever 
drawn  is  assuredly  that  delineated  by 
an  ill-directed  imagination.  Every 


medical  man  can  testify  that,  natural 
character  and  other  circumstances  be- 
ing alike,  those  whose  knowledge  is 
the  most  limited  are  thefullestof  whims 
and  fancies,  the  most  alarmed  at  every 
trifling  ailment,  the  most  credulous  re- 
specting the  efficacy  of  every  senseless 
and  preposterous  remedy,  the  most  im- 
patient of  restraint  and  the  most  dis- 
contented at  suffering.  There  are 
some,  no  doubt,  whose  constitutional 
excitability  prevents  them  from  ever 
controlling  their  feelings,  or  being 
guided  by  the  dictates  of  reason  ;  but 
such  persons  are  comparatively  few, 
and  even  they  become  more  tractable 
as  well  as  more  comfortable  in  spirit, 
when  their  minds  are  enlightened,  and 
their  true  situation  is  distinctly  un- 
derstood. 

Happily  for  mankind,  the  "  dangers 
of  knowledge"  are  now  so  little  dreaded 
in  comparison  with  the  certain  evils  of 
physiological  ignorance,  that  while 
the  number  of  objections  against  its 
general  diffusion  is  every  day  becom- 
ing smaller,  the  number  of  its  advo- 
cates is  increasing  in  tenfold  jjropor- 
tion,  especially  among  the  highest  class 
of  minds.  Of  this  truth  we  have  an 
illustrious  example  in  the  late  Dr 
Channing,  whose  tendency  was  rather 
to  depreciate  the  material  part  of  our 
nature,  and  who  was  thus  unlikely 
to  attach  undue  importance  to  the 
preservation  or  improvement  of  the 
bodily  health.  In  his  second  Lecture 
on  the  Elevation  of  the  Working 
Classes,  he  eloquently  and  forcibly  ex- 
presses his  belief  that  "  the  great  cause 
of  the  depressed  condition  of  not  a  few- 
labourers  is  their  ignorance  on  the  sub- 
ject of  health.  Health  is  the  working 
man's  fortune,  and  he  ought  to  watch 
over  it  more  than  the  capitalist  over  his 
largest  investments.  Health  lightens 
tlie  efforts  of  body  and  mind.  It  en- 
ables a  man  to  crowd  much  work  into 
narrow  space.  For  these  reasons  I 
cannot  but  look  on  it  as  a  good  omen, 
that  the  press  is  circulating  among  us 
cheap  works,  in  which  much  useful 
knowledge  is  given  of  the  structure, 
and  functions,  and  laws  of  the  human 
body.  It  is  in  no  small  degree  through 
our  own  imprudence,  that  disease  and 
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debility  are  incurred  :  and  our  remedy 
is  to  be  found  in  knowledge.  Once 
let  the  mass  of  the  people  be  instructed 
in  their  own  frames  ;  let  them  under- 
stand clearly  that  disease  is  not  acci- 
dent, but  has  fixed  causes,  many  of 
whicli  they  can  avert,  and  a  great 
amount  of  suffering,  want,  and  conse- 
quent intellectual  depres-sion,  will  be 
removed.  ...  I  hope  1  shall  not  digress 
too  far  wlien  I  add,  that  were  the  mass 
of  the  community  more  enlightened  on 
these  points,  they  would  apply  their 
knowledge  not  only  to  their  private 
habits,  but  to  the  government  of  the 
city,  and  would  insist  on  municipal 
regulations  favouring  general  health."* 

it  would  be  difficult  to  add  to  the 
cogency  of  these  remarks  of  one  whose 
whole  life  was  devoted  to  the  improve- 
ment of  his  race  ;  but  if  any  of  my 
readers  be  still  doubtful  of  the  pro- 
2>riety  or  safety  of  communicating 
physiological  knowledge  to  the  public 
at  large,  and  think  that  ignorance  is 
in  all  circumstances  to  be  preferred,  1 
would  venture  to  ask  him  whether,  on 
the  occasion  when  cholera  made  its 
first  ai)pearance,  it  was  knowledge  or 
ignorance  which  induced  the  poorer 
classes  in  every  country  of  Asia  and 
of  Europe  to  attempt  to  protect  them- 
selves from  its  ravages  by  committing 
outrages  on  the  medical  attendants  of 
the  sick,  under  the  notion  of  their  hav- 
ing poisoned  the  public  fountains  ? 
and  whether  it  was  ignorance  or  know- 
ledge which  prompted  the  more  ra- 
tional part  of  the  community  to  seek 
safety  in  increased  attention  to  proper 
food,  warmth,  cleanliness,  and  cloth- 
ing ?  In  both  classes,  the  desire  of 
safety  and  the  sense  of  danger  were 
the  same,  but  the  modes  resorted  to  by 
each  were  as  different  in  kind  as  in 
result ;  the  efficiency  of  the  one  form- 
ing a  glaring  contrast  to  the  failure 
of  the  other. 

The  foolish  notion  is  now  happily 
on  the  decline,  that  to  take  care  of 
one's  health  is  selfish  and  ignoble.  So 
far  is  a  rational  attention  to  health 
from  being  justly  liable  to  such  an 
imputation,  that  in  fact  there  is  no- 

•  Channing'a  Works,  vol.  v.  p.  215. 


thing  which  tends  so  much  to  relieve 
society  fi'om  the  burden  of  miseries 
not  its  own,  as  each  individual  taking 
such  care  of  his  constitution  as  shall 
enable  him  to  cope  successfully  with 
the  duties  and  difficulties  of  the  situ- 
ation in  which  he  is  placed.  No  man 
is  so  thoroughly  selfish  aS  he  who,  in  tlie 
ardent  pursuit  of  pleasure  or  of  profit, 
heedlessly  exposes  his  life  tu  the  hazard 
of  a  die,  regardless  of  the  suffering 
which  he  may  entail  upon  those  who 
dejjend  on  him  for  support.  In  the  ab- 
stract, we  all  admit  that  the  enjoyment 
of  health  is  thefirstof  earthly  blessings, 
and  that  without  it  all  others  may  be 
lavished  on  us  in  vain  ;  and  yet  it  has 
been  quaintly  asked,  "  Who  is  he  that 
values  health  at  the  rate  it  is  worth  'f 
Not  he  that  hath  it ;  he  reckons  it 
among  the  common  ordinary  enjoy- 
ments, and  takes  as  little  notice  of  it, 
or  less  regards  it,  than  his  long  worn 
clothes  :  perhaps  more  careful  of  his 
garments,  remembering  their  price ; 
but  thinks  his  health  costs  him  nothing, 
and  coming  to  him  at  so  easy  a  rate, 
values  it  accordingly,  and  hath  little 
regard  to  keep  it :  is  never  truly  sensi- 
ble of  what  he  enjoyed  until  he  finds 
the  want  of  it  by  sickness  ;  tiien  health, 
above  all  things,  is  earnestly  desired 
and  wished  for." 

In  proportion,  however,  as  we  con- 
sider the  matter  with  that  attention 
which  its  importance  really  deserves, 
we  shall  become  anxious  rather  to  take 
care  of  health  when  we  have  it,  than 
first  to  lose  it,  and  then  exert  ourselves 
to  recover  it.  Such  was  evidently  the 
feeling  which  elicited  the  following 
remarks  from  the  clear-sighted  author 
who  has  just  been  quoted. 

"  You  that  have  health,"  says  he, 
"  and  know  not  how  to  prize  it,  I'll 
tell  you  what  it  is,  that  you  may  love 
it  better,  put  a  higher  value  upon  it, 
and  endeavour  to  preserve  it  with  a 
more  serious,  stricter  observance  and 
tuition. 

"  Health  is  that  which  makes  your 
meat  and  drink  both  savoury  and 
pleasant,  else  Nature's  injunction  of 
eating  and  drinking  were  a  hard  task 
and  slavish  custom. 

"  Health  is  that  which  makes  your 
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bed  easy  and  your  sleep  refi-eshing  ; 
tliat  revives  your  strength  with  the 
rising  sun,  and  makes  you  cheerful  at 
the  light  of  another  day  ;  'tis  that 
which  fills  up  tl»e  hollow  and  uneven 
places  of  your  carcass,  and  makes  your 
body  plump  and  comely  ;  'tis  that 
which  dresseth  you  up  in  Nature's 
richest  attire,  and  adorns  your  face 
with  her  choicest  colours. 

"  "Tis  that  which  makes  exercise  a 
sport,  and  walking  abroad  the  enjoy- 
ment of  your  liberty. 

"  'Tis  that  which  makes  fertile  and 
increaseth  the  natural  endowments  of 
your  mind,  and  preserves  them  long 
from  decay,  makes  your  wit  acute,  and 
your  memory  retentive. 

"  'Tis  that  which  supports  the  fra- 
gility of  a  corruptible  body,  and  pre- 
serves the  verdure,  vigour,  and  beauty 
of  youth. 

"  'Tis  that  which  makes  the  soul 
take  delight  in  her  mansion,  sporting 
herself  at  the  casements  of  your  eyes. 

"  'Tis  that  which  makes  pleasure  to 
be  pleasure,  and  delights  delightful, 
without  which  you  can  solace  yourself 
in  nothing  of  terrene  felicities  or 
enjoyments." 

But  "  now  take  a  view  of  your- 
self when  health  has  turned  its  back 
upon  you,  and  deserts  your  company  ; 
see  then  how  the  scene  is  changed, 
how  you  are  robbed  and  8[K>iled  of  all 
your  comforts  and  enjoyments. 

"  Sleep  that  was  stretched  out  from 
evening  to  the  fsiir  bright  day,  is  now 
broken  into  pieces,  and  subdivided, 
not  worth  the  accounting ;  the  night 
that  before  seemed  short  is  now  too 
long,  and  the  downy  bed  presseth  hard 
against  the  bones, 

"  Exercise  is  now  toyling,  and  walk- 
ing abroad  the  carrying  of  a  burthen. 

"  The  eye  that  flasht  as  lightning  is 
now  like  the  opacious  body  of  a  thick 
cloud  ;  that  rolled  from  east  to  west, 
swifter  than  a  celestial  orb,  is  now 
tired  and  weary  with  standing  still ; 
that  penetrated  the  centre  of  another 
microcosm,  hath  lost  its  planetary  in- 
fluence, and  is  become  obtuse  and 
dull,"  &c. 

If  such,  then,  be  a  true  picture  of 
the  opposite  conditions  of  health  and 


disease,  what  stronger  inducements 
can  any  one  require  to  give  him  an  in- 
terest in  the  "  study  and  observance  of 
Nature's  institutions,"  seeing  that  they 
are  the  only  means  by  which  "  the 
beloved  ends  and  wished-for  enjoy- 
ments" can  be  attained,  and  that  we 
"  may  as  likely  keep  or  acquire  riches 
by  prodigality,  as  preserve  health  and 
obtain  long  life  by  intemperance,  in- 
ordinate passions,  a  noxious  air,  and 
such  like  injurious  customs,  ways,  and 
manner  of  living  ?  '* 

In  thus  strongly    advocating  the 
benefits  to  be  obtained  by  the  wide 
diffusion  of  a  general  knowledge  of 
the  laws  of  health,  I  must,  however, 
express  my  belief  that  the  study  of 
diseases,  and  their  modes  of  cure,  by 
unprofessional  persons  is  not  only  un- 
profitable, but  often  deeply  injurious 
— just  because  such  persons  cannot 
possibly  possess  the  collateral  know- 
ledge  required    to    form   a  correct 
judgment  of  all  the  attending  circum- 
stances, and  are  therefore  extremely 
liable  to  fall  into  error,  where  every 
error  is  attended  with  risk.    Let  us 
suppose,  for  example,  what  I  have  seen 
and  what  has  often  happened,  that  a 
timitl  individual,  who  has  been  occa- 
sionally subject  to  palpitation,  takes 
up  a  medical  treatise,  and  there  finds 
that  palpitation  is  a  symptom  com- 
monly present  where  the  heart  is  dis- 
easedv    It  is  almost  certain  that  such 
a  person  will,  in  his  ignorance,  make 
no  farther  distinction,  but  hurry  at 
once  to  the  conclusion  tliat  his  own 
heart  is  affected,  and  that  he  must 
speedily  die.    This  notion  being  once 
implanted  in  his  mind,  he  will  become 
anxious  and  watchful  of  every  sensa- 
tion, deny  himself  necessary  exercise 
from  fear  of  over-exertion,  and  neces- 
sary food  from  fear  of  a  blood-vessel 
giving  way,  and  in  no  long  time  will 
fall  into  a  state  of  weakness  and  dis- 
ease which  will  confirm  every  one  of 
his  apprehensions.    But  had  this  man, 
instead  of  acting  on  his  own  imperfect 
knowledge,  consulted  his  medical  ad- 

•  Maynwaringe  ou  the  Method  and  Means 
of  Health.  1683. 
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viser,  whose  business  it  is  to  make 
himself  acquainted  with  the  whole  of 
the  case,  he  would  have  discovered 
immediately  that  the  dreaded  source 
of  all  this  suffering  was  originally  a 
simple  fit  of  indigestion,  which  nature 
would  have  cured  in  three  days,  had 
not  the  machine  been  so  perversely  de- 
ranged by  the  very  wantof  exerciseand 
food,  in  which  the  patient  was  igno- 
rantly  seeking  for  safety.  Even  here, 
be  it  observed,  the  danger  arises  from 
the  incompleteness  of  the  knowledge 
possessed ;  and  I  would  condemn  the 
perusal  of  medical  books,  only  because 
the  general  reader  cannot,  except  by 
going  through  a  course  of  professional 
study,  become  qualified  to  make  a  pro- 
per use  of  their  contents.  It  is  well 
known  that  few  students  escape  fits  of 
hypochondriacal  apprehension  when 
they  first  seriously  enter  on  the  study 
of  diseases,  and  that  they  become  free 
from  them  almost  in  proportion  as 
their  knowledge  advances.  It  is,  then, 
a  most  fallacious  mode  of  arguing  to 
contend  that,  because  an  imperfect 
acquaintance  with  disease  is  hurtful, 
knowledge  of  the  conditions  and  laws 
of  healtli  must  also  be  prejudicial. 

But  it  is  not  merely  in  preserving 
health,  and  improving  the  physical 
condition  of  mankind,  that  pliysiology 
is  calculated  to  be  eminently  useful. 
As  remarked  in  the  first  chapter, 
it  applies  at  least  as  directly,  and 
with  still  higher  results,  to  the  culti- 
vation  of  the  moral  and  intellectual 
nature  of  man ;  and  it  is  only  by 
adapting  the  methods  and  details 
of  education  (using  that  term  in  its 
widest  sense),  to  the  principles  of  a 
sound  physiology,  that  its  full  advan- 
tages can  ever  be  secured.  If  man 
were  a  disembodied  spirit,  there  might 
be  propriety  and  safety  in  overlooking 
the  modifying  influence  and  laws  of 
the  material  organism  ;  but  as  Omni- 
scient Wisdom  has,  for  the  best  of  pur- 
poses, so  constituted  us  that,  during 
life,  the  mind  cannot  exercise  itspowers 
except  through  the  medium  of  bodily 
organs,  by  every  change  in  the  state 
of  which  it  is  directly  affected,  surely 
it  is  incumbent  upon  us  humbly  to  con- 
duct ourselves  in  accordance  with  this 


divine  arrangement,  instead  of  con- 
temptuously denying  its  reality,  on 
the  false  and  presumptuous  plea,  that 
it  would  be  degradation  to  the  dignity 
of  mind  to  suppose  it  subjected,  in 
any  way,  to  the  laws  which  preside 
ovt^r  the  bodily  constitution.  If  the 
different  powers  of  thought  and  feel- 
ing were  wholly  independent  of  the 
organism,  there  would  be  no  relation 
wliatever  between  their  development 
and  that  of  the  bodily  frame.  But 
how  opposite  is  the  fact !  In  infancy 
these  powers  are  unsteady  and  feeble, 
simply  because  the  brain  is  as  yet  im- 
perfectly developed  and  organized.  In 
youth,  they  increase  in  readiness  and 
vigour ;  because  their  material  instru- 
ments have  advanced  so  far  towards 
maturity.  In  old  age  they  again  be- 
come feeble  and  wavering,  from  the 
gradual  decay  of  the  organism.  In 
disease  they  are  in  like  manner  ex- 
alted or  impaired  by  the  excitement 
or  oppression  of  the  brain.  Under  the 
influence  of  wine  they  are  roused  to 
energetic  activity,  while  under  that  of 
opium  they  become  buried  in  sleep. 
At  home  and  at  school,  the  intellect 
and  feelings  are  equally  dependent  on 
the  brain  for  their  power  of  working  ; 
and  there,  as  on  every  other  occasion 
and  at  every  instant  of  life,  they  act 
always  in  accordance  with  the  physio- 
logical laws  of  the  constitution.  It  is 
clear,  therefore,  that  if  the  teacher 
remain  unacquainted  with  the  con- 
nection subsisting  between  the  mind 
and  body,  and  with  the  chief  circum- 
stances by  which  the  action  of  the 
brain  is  influenced,  he  cannot  with 
any  certainty  or  precision  adapt  his 
methods  and  his  lessons  to  the  consti- 
tution of  the  different  mental  faculties 
so  as  to  produce  the  results  at  wliich  he 
aims  ;  and,  in  many  circumstances,  it 
is  just  as  likely  that  he  will  do  pre- 
cisely the  reverse.  This,  indeed,  too 
often  happens  ;  and  1  believe  there  is 
scarcely  a  scliool  in  the  kingdom,  in 
which  some  part  or  other  of  the  edu- 
cational and  general  training  is  not  at 
variance  with  the  organic  laws,  and 
therefore  productive  of  mischievous 
results,  which  might  be  at  once  obvi- 
ated if  the  teachers  possessed  even  a 


20 


PHYSIOLOGY  THE  BASIS  OP  EDUCATION. 


moderate  acquaintance  with  physio- 
logy, and  were  willing  to  direct  their 
conduct  by  its  dictates. 

In  forming  a  proper  estimate  of  the 
utility  of  physiology  in  the  conduct- 
ing of  moral  and  intellectual  as  well 
as  physical  education,  we  must  never 
lose  sight  of  the  fact  that  it  is  the 
organism  with  which  mind  is  connected 
during  life  that  requires  to  be  exercised 
and  trained,  and  by  the  improved 
action  of  which  the  good  effects  of 
education  are  promoted  or  realized. 
In  teaching  the  art  of  riding,  fencing, 
skating,  or  dancing,  everybody  admits 
at  once,  that  to  ensure  success  regard 
must  be  had  to  the  muscular  constitu- 
tion of  the  individual,  and  to  the  laws 
of  muscular  exercise.    But  it  is  not 
sufficiently  considered  that,  in  culti- 
vating the  intellectual  and  moral  facul- 
ties, similar  regard  must  be  had  to  the 
cerebral  constitution   of  the  pupil, 
and  to  the  laws  of  cerebral  exercise. 
Why  does  the  mind  become  weary  after 
being  long  intent  upon  any  object  of 
pursuit?  Just  because  the  brain,  by 
means  of  which  the  mind  acts,  has  be- 
come exhausted  by  over-exercise,  in  the 
same  way  as  the  m  uscles  do  after  too  long 
a  walk .  AV^hy,  when  the  mind  is  weary 
of  one  subject,  can  it  turn  to  another 
of  a  different  kind — from  mathematics 
to  music,  for  example — with  alacrity 
and  pleasure  ?    Because  the  organs  of 
the  wearied  faculties  are  left  in  rejjose, 
and  a  different  set  have  come  into 
action  which  had  not  previously  been 
.engaged  ;  just  in  the  same  way  as  a 
tailor  may  be  very  weary  of  his  day's 
work,  and  yet  be  delighted  to  enjoy 
himself  at  a  dance,  because  in  this 
occupation  the  weary  muscles  of  the 
arm  are  left  unemployed,  and  those  of 
the  legs  and  trunk,  wliich  were  pant- 
ing for  exercise,  now  receive  it  in  their 
turn.    To  discover,  therefore,  the  pro- 
per laws  of  mental  and  moral  training, 
we  must  always  have  regard  to  the 
laws  of  action  of  the  brain  ;  and  as  it 
is  the  special  province  of  physiology 
to  investigate  and  expound  those  laws, 
,  it  follows  that  to  the  educationist, 
whether  parent  or  teacher,  a  know- 
ledge of  physiology  is  indispensable 
to  succe.ss. 


Such  accordingly  is  the  case  ;  but 
as  this  subject  will  be  considered  at 
greater  length  vvhen  I  come  to  treat 
of  the  functions  of  the  brain,  it  need 
not  be  longer  dwelt  upon  at  present. 
Enough,  I  hope,  has  been  said  to  satisfy 
the  candid  reader  that  physiology  can- 
not be  neglected  with  impunity  by 
those  who  either  direct  or  conduct  the 
education  of  the  young. 


CHAPTER  III. 

RELIGIOUSOBJECTIONS  TO  THE  STUDY 
OF  PHYSIOLOGY  CONSIDERED. 

Although,  as  we  have  seen,  a  deep 
sense  of  the  usefulness  of  physiology 
is  rapidly  spreading,  there  is  still  an 
influential  class  of  society,  which,  from 
a  strange  misconception  of  the  nature 
and  tendenciesof  thisbranch  of  science, 
looks  upon  it  with  suspicion,  and  seeks 
to  i-epel  rather  than  invite  its  aid.  I 
allude  to  those  who,  under  a  mistaken 
sense  of  religious  duty,  and  an  erro- 
neous notion  of  the  entire  independ- 
ence of  man's  spiritual  nature  in  this 
life,  manifest  a  dread  of  every  truth 
which  implies  that  the  mind  is  in 
any  degree  subject  to  the  influence 
of  the  bodily  organism  ;  and  who, 
under  this  ill-founded  dread,  shew  a 
constant  desire  to  depreciate  natural 
science,  which  they  stigmatise  as 
"  merely  human  knowledge,"'  in  oppo- 
sition to  revealed  truth,  which  they 
consider  as  alone  possessing  a  just 
claim  to  respect  and  obedience. 

The  natural  consequence  of  this 
attempt  to  set  in  opposition  to  each 
other  truths  derived  from  different 
sources  is,  that  while  the  precepts 
drawn  from  Scripture  are  urged  up- 
on our  observance  with  unremitting 
earnestness,  those  derived  from  the 
Book  of  Nature,  although  written  by 
the  hand  of  the  Deity  himself,  are 
often  practically  disparaged,  if  not 
actually  denounced  as  unworthy  of 
regard.  This  is  not  mere  fancy  on 
my  part ;  for  when  pointing  out  to 
such  persons  the  duty  and  advantage 
of  systematically  using  the  means 
which  God  had  placed  within  their 
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reach  for  the  preservation  or  improve- 
ment of  their  health  and  usefulness, 
1  have  been  more  than  once  met  w  ith 
the  reply,  that  such  petty  observances 
are  altogether  selfish,  and  unworthy 
of  a  being  destined  for  immortality  ; 
and  that  the  means  recommended  are 
mere  human  devices  for  the  welfare 
of  the  body,  and  as  such  have  no  claim 
upon  our  reverence  or  submission, 
except  when  rendered  necessary  by 
the  pressure  of  actual  illness.  In  a 
greater  or  less  degree  this  error  is 
extensively  jjrevalent ;  and,  as  its  in- 
fluence is  most  pernicious,  1  feel  it 
necessary,  at  the  very  outset,  to  endea- 
vour to  remove  the  mistaken  view  in 
which  it  has  obviously  originated. 

The  assumption  that  science  is  a 
mere  human  invention,  necessarily 
opposed  to  and  incompatible  with 
divine  truth,  is  happily  now  much 
less  prevalent  than  formerly,  and  is 
so  far  from  being  correct  that  the 
very  reverse  may  be  truly  affirmed. 
In  the  strictest  sense  of  the  word, 
science  is  nothing  else  than  a  syste- 
matic exposition  of  the  works  and 
laws  of  God,  discoverable  in  the  field 
of  nature  ;  and  if  we  reflect  for  a 
moment,  we  shall  see  that  it  can  be 
nothing  else.  The  mere  fact,  that 
man  thinks  and  says  so  and  so,  does 
not  make  that  exist  which  has  no 
existence  in  nature;  but,  on  tlie  other 
hand,  when  a  law  or  object  has  a  real 
existence,  man's  denial  or  neglect  of 
it  does  not  in  the  least  diminish  the 
sphere  of  its  action,  or  lighten  the 
penalty  of  disregarding  it.  Thus,  an 
ardent  student  may  believe  that  exces- 
sive study  and  want  of  sleep  are  not 
hurtful  to  him  ;  but  his  false  opinion 
will  in  no  degree  prevent  their  dele- 
terious action.  In  like  manner,  a  jjer- 
son  may  believe  that  sitting  inactive 
with  cold  wet  feet  will  do  him  no 
harm  ;  but  such  belief  will  be  quite 
unavailing  to  protect  him  against  the 
usual  consequences  of  such  behaviour. 
It  is  God,  and  not  man,  who  has 
created  the  universe  and  established 
the  relations  which  subsist  among  all 
its  constituent  parts,  animate  and  in- 
animate. Every  phenomenon  which 
occurs   in  the  natural  world,  how- 
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ever  striking  from  its  magnitude  and 
extent, — asin  the  case  of  an  earthquake 
or  a  storm,  or  the  movements  of  the 
heavenly  bodies, — or  however  incom- 
prehensible from  its  extreme  minute- 
ness, like  the  microscopic  animalcula\ 
has  been  devised  by  His  wisdom,  and 
is  regulated  by  His  laws.  Every  truth, 
therefore,  which  science  demonstrates, 
and  every  principle  which  it  unfolds, 
are  traceable  to  God  as  their  author, 
and,  in  common  with  the  inferences 
rightly  deduced  from  them,  demand 
our  resjiect  for  this  above  all  other 
reasons,  and  carry  with  them  the 
sanction  of  the  Deity  himself.  Apart 
from  this,  indeed,  they  would  inspire 
no  confidence  in  their  stability,  and 
could  present  no  claim  to  our  obe- 
dience. In  strictness,  it  is  a  pure 
fallacy  to  speak  of  human  science 
as  contradistinguished  from  divine. 
Whatever  is  ascertained  to  be  true 
in  any  department  of  nature,  is 
necessarily  divine  truth,  or,  in  other 
words,  proceeds  from  God  as  its  author. 
One  scientific  truth  may  be  more  or 
less  important  to  our  happiness  than 
another;  but  all  must  have  the  same 
origin,  for  harmony  and  order  charac- 
terize the  whole.  It  is  a  matter  of 
notoriety,  however,  that  the  sciences 
are  still  very  imperfect,  and  that  nu- 
merous errors  are  mixed  up  with  their 
facts  and  doctrines.  If  the  phrase 
"  human  science"  were  reserved  ex- 
clusively to  designate  such  errors, 
we  should  then  be  justified  in  regard- 
ing human  and  divine  science  as 
always  opposed  to  each  other,  and  in 
turning  aside  from  the  former  with 
contempt  and  dislike.  But  no  such 
reservation  has  been  made.  The  funda- 
mental facts  and  laws  of  most  sciences, 
although  first  discovered  and  explained 
to  us  by  our  fellow-men,  and  not  made 
known  to  us  by  any  special  revelation, 
are  nevertheless  as  certain,  definite, 
and  unchanging,  as  tlie  fact  of  man's 
own  existence  ;  and  consequently  those 
facts  and  laws  are  as  universal  in  their 
application,  and  divine  in  character, 
as  if  they  had  been  the  subject  of  a 
supernatural  revelation  to  man.  All 
truths,  from  whatever  source  our 
knowledge  of  them  is  obtained,  pro- 
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ceed  from  God,  are  necessarily  con- 
sistent with  each  otlier,  and  have  an 
equal  claim  on  our  acceptance,  and  on 
our  obedience  to  the  commands  which 
they  imply.    It  is  indeed  one  of  the 
highest  privileges  of  science  to  add  to 
the  stock  of  truths,  and  to  trace  the 
established  relations  subsisting  among 
them  ;  and  one  of  the  greatest  plea- 
sures attending  its  pursuit  is  the  con- 
stancy and  directness  with  which  every 
newly  discovered  fact  leads  us  up  to 
God,  as  the  centre  and  regulator  of 
creation.    Had  the  facts  of  science 
been  inaccessible  to  the  scrutiny  and 
reason  of  man,  they  would  then  have 
been  fit  objects  for  a  supernatural  re- 
velation, seeing  that  knowledge  of 
them  is  in  so  many  ways  necessai'y  for 
our  guidance  to  hajjpiness.    But,  con- 
stituted as  we  are  with  faculties  that 
delight  in  observation  and  in  tracing 
out  the  relations  of  all  created  objects 
to  each  other  and  to  ourselves,  the 
revelation  of  scientific  truths  without 
any  effort  on  our  part  for  their  dis- 
covery, would  have  deprived  man  of 
the  noblest  field  for  tiie  exercise  of  his 
intellectual  powers,  and  of  the  strong- 
est stimulus  to  exertion.    As  an  ex- 
position of  the  works  and  laws  of 
God,  science  has  the  strongest  claim 
upon  the  reverent  attention  of  every 
reflecting  and  religious  mind ;  because, 
on  our  knowledge  of  these  laws,  and 
the  squaring  of  our  conduct  by  them, 
our  welfare,  progress,  and  happiness 
are  in  no  small  degree  dependent. 
Till  this  grand  truth  shall  be  fully  un- 
derstood, and  kept  constantly  before 
our  eyes  as  a  guiding  principle,  science 
will  never  occupy  its  true  position,  or 
confer  those  advantages  on  the  human 
race  which  it  is  capable  of  affording. 
Instead  of  being  oppoF(>d  to  each  other, 
science  and  religion  are  identical  in 
nature  and  origin  ;  and  it  is  a  libel  on 
the  God  of  Truth  to  disparage  the  facts 
of  science  as  unworthy  of  regard,  see- 
ing that  it  is  only  through  them  that 
the  laws  which  lie  has  appointed  for 
the  regulation  of  both  the  animate  and 
inanimate  world    can   ever  become 
known,  or  rendered  applicable  to  our 
farther  improvement  ns  physical, moral, 
religious,  and  responsible  beings. 


DIVINE  THAN  RELIGION. 


I  have  entered  at  some  length  into 
this  subject  at  the  outset,  because  the 
view  which  the  reader  entertains  con- 
cerning it  must  exercise  no  small  in- 
fluence on  the  spirit  in  which  he  will 
receive  the  information  placed  within 
his  reacli,  and  on  the  willingness  with 
which  he  will  be  disposed  to  act  upon 
the  rules  deducible  from  it.    If  he 
shall  regard  all  scientific  truths  and 
inferences  merely  as  ingenious  specu- 
lations, having  no  higher  origin  than 
the  imagination  of  a  fallible  human 
creature,  and  as  carrying  with  them  a 
merely  human  sanction,  he  will  natu- 
rally think  it  of  little  practical  im- 
portance whether  his  habitual  conduct 
be  directed  in  accordance  with  their 
dictates  or  not :  whereas,  if  he  shall 
regard  the  laws  of  physiology  and  of 
all  other  departments  of  nature  as  fur- 
nishing plain  and  unequivocal  indica- 
tions of  the  divine  will,  the  motives 
to  their  study  and  regular  observance 
will  appear  no  longer  a  matter  of 
indifference,    but   a   positive  duty, 
ranking  among  the  most  important  of 
our  moral  and  religious  oijligations. 
Rightly    considered,  the  neglect  of 
health,  or  its  deliberate  sacrifice  in  the 
pursuit  of  business,  pleasure,  or  am- 
bition, or  even  in  excessive  exertion 
for  the  purposes  of  benevolence,  is  as 
clearly  a  breach  of  moral  duty  as  sui- 
cide itself.    The  only  difference  is  in 
degree;  and  the  punishment  it  entails 
is  frequently  of  the  severest  kind — ir- 
remediable disease,  loss  of  reason,  or 
death.    Proofs  and  examples  of  this 
unfortunately  abound  in  society.  For 
instance,  several  cases  of  permanent 
imbecility  from  excessive  study  have 
come  under  my  own  observation,  and 
similar  cases  are  found  in  almost  every 
asylum  for  lunatics.    The  frequency 
with  which  naturally  strong  and  well- 
constituted  men  are  observed  to  break 
down  from  exhaustion  in  the  midst  of 
a  prosperous  careei',  furnishes  another 
lamentable  confirmation  of  my  doc- 
trine that  many  fall  victims  who  might 
have  enjoyed  a  long  life  of  active  and 
useful  exertion,  had  they  paid  that 
reasonable  regard  to  the  laws  of  health 
which  common  prudence  recommends, 
and  which  more  enlightened  views  of 
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religion  would  even  have  enforced 
upon  them  as  a  sacred  duty.  It  can- 
not therefore  be  too  deeply  impressed 
upon  the  public  mind  that  disease  and 
pain  are  aberrations  from  the  normal 
condition  of  the  universe.  Their  pre- 
valence to  such  an  extent  as  man- 
kind at  present  endure,  forms  no 
necessary  part  of  the  plan  of  crea- 
tion, but  is  the  result  of  the  neglect 
of  certain  laws,  which,  when  observed, 
maintain  the  organism  in  health  and 
strength.  Our  knowledge  is  as  yet 
too  limited  to  enable  us  to  understand 
these  laws  in  all  their  details,  but  we 
cannot  on  this  account  deny  their  ex- 
istence and  efficacy.  Every  day  is  add- 
ing to  our  experience,  and  every  day 
is  thus  tending  to  remove  the  darkness 
which  obscures  our  full  comprehension 
of  them.  Even  the  mystery  which  shed 
so  much  additional  horror  over  the 
ravages  of  cholera  is  being  dispelled 
by  the  light  of  recent  investiga- 
tion. "  Cholera,"  says  the  Registrar- 
General,  "  is  a  health-inspector  that 
speaks  in  language  which  nobody  can 
misunderstand  :  it  visits  the  prisoner 
in  the  hulks  on  the  polluted  river; 
the  neglected  lunatic  in  his  cell  ;  the 
crowded  workhouse  ;  the  sides  of  stag- 
nant sewers  ;  the  undrained  city  ;  the 
uncleansed  street ;  the  cellars  and  the 
attic,  as  well  as  the  fair  open  quarters 
which  strangers  frequent  and  admire. 
The  oversights,  the  errors,  the  crimes 
of  persons  who,  in  responsible  offices, 
have  charge  of  the  health  and  life  of 
man,  are  proclaimed  aloud  by  this  in- 
exorable voice."  *  Thus,  it  is  main-  j 
tained,  cholera,  like  the  plague  of 
former  times,  is  the  result  of  man's 
own  ignorance  or  neglect ;  and  the 
same  assertion  might  be  made  of  most 
otiier  ills  which  afflict  humanity. 
Influenced  by  these  and  similar  con- 

•  Quarterly  Return  of  the  Registrar- 
General,  ending  Nov.  30,  1849.— See  also 
an  able  and  earnest  pamphlet  entitled 
"  The  Cholera  no  Judgment !  The  Efficacy, 
Philosophy,  and  Practical  Tendency  of  the 
Prayer  by  the  Archbishop  of  Canterbury, 
ordered  to  be  used  during  the  Prevalence 
of  Cholera,  exandned  in  a  Letter  to  the 
Right  Hon.  the  Earl  of  Carlisle."  London, 
1849. 


siderations,  and  regarding  the  divine 
origin  of  the  physiological  laws  as 
the  feature  which  gives  them  their 
paramount  interest  and  importance,  I 
shall,  in  the  following  chapters,  con- 
stantly endeavour  to  exhibit  the  rela- 
tion subsisting  between  the  rules  of 
conduct  which  I  have  occasion  to  re- 
commend, and  the  particular  laws  of  the 
organism  from  which  those  rules  are 
deduced,  and  which  give  them,  when 
correctly    deduced,  the    chai'acter  of 
divine  commands.    It  is  only  by  clearly 
understanding  this  relation,  that  the 
reader  can  fully  appreciate  the  nume- 
rous applications  of  physiological  prin- 
ciples to  the  prevention  of  suffering 
and  the  furtherance  of  human  im- 
provement, and  feel  the  conviction 
that  the  recommendations  offered  for 
his  guidance  really  rest  on  the  foun-« 
datioii  of  nature,  and  are  backed  by  an 
authority  far  higher  than  that  of  any 
created  being.    Hence,  while  I  am  too 
deeply  sensible  of  my  own  ignoi-auce 
and  fallibility,  to  claim  the  slightest 
deference  to  any  opinion  of  my  own, 
apart  from  its  accordance  with  nature, 
I  feel  amply  justified  in  demanding 
the  most  implicit  regard  for,  and  ob- 
servance of,  every  rule  which  can  be 
shewn  to  have  truth  for  its  basis,  and 
the  sanction  of  the  Creator  for  its  au- 
thority.   When  a  principle  or  precept 
rests  on  doubtful  evidence,  it  would  be 
mere  presumption  to  claim  unques- 
tioning obedience  to  its  dictates.  But 
many  of  the  laws  of  physiology  are 
so  fully  demonstrated  as  to  leave  no 
room  for  hesitation  on  that  score.  It 
is  quite  ascertained,  for  example,  that 
the  lungs  and  the  function  of  respira- 
tion are  constituted  with  reference  to 
breathing  a  perfectly  pure  air,  and  that 
in  proportion  as  the  purity  of  the  air 
we  breathe  is  imperfect,  it  becomes 
unfit  for  the  purposes  of  health  and 
life.   God  having  established  this  rela- 
tion as  a  fact  unalterable  by  us,  we 
are  bound,  as  rational  and  moral  be- 
ings, not  only  to  shape  our  conduct  in 
conformity  with  it,  but  to  inculcate  its 
close  observance  upon  all  over  whom 
we  may  have  any  legitimate  influence. 
To  this  extent  wehave  a  divine  warrant 
for  our  proceedings  ;  because  the  facts 
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and  principles,  and  the  rules  deduced 
from  them,  are  alike  universally  re- 
cognized to  be  true.    The  divine  com- 
mand, enjoining  every  human  being 
to  breathe  pure  air,  is  clear  and  au- 
thentic.   But  it  is  otherwise  when  we 
proceed,  for  example,  to  recommend 
particular  articles  of  food  or  clothing 
in  preference  to  others  ;   because  our 
knowledge  of  their  individual  pro- 
perties and  adaptations   is   still  so 
imperfect,  that  we  have  no  longer 
the  same  absolute  certainty  to  rest 
upon,  and,  therefore,  are  no  longer 
entitled  to  demand  the  same  implicit 
assent  and  obedience  as  before.  All 
we  can  do  in  such  circumstances  is 
to  state  our  experience  and  opinions, 
and  the  grounds  on  which  our  precepts 
are  founded  ;  and  to  leave  the  reader 
to  form  his  own  opinion  of  their  prac- 
tical value,  and  to  act  upon  them  or 
not  as  he  sees  proper.    Nor  is  this  an 
unimportant  service.    By  substituting 
rational  probability  for  entire  obscu- 
rity and  neglect,  and    by  honestly 
avowing  our  ignorance,  we  may  confer 
an  immediate  benefit,  and  shall  cer- 
tainly prepare  the  way  for  an  in- 
crease of  our  knowledge,  and  the  safer 
regulation  of  our  future  conduct.  I 
am  the  more  anxious  to  adhere  through- 
out to  the  order  of  nature,  both  on 
account  of  the  deep  interest  insepar- 
able from  tracing  up  every  fact  and 
law  to  its  divine  origin,  and  because 
many  of  the  valuable  treatises  which 
have  already  appeared  on  the  subjects 
of  health  and  education,  have  failed 
to  produce  an  adequate  impression  on 
the  public  mind,  chiefly  from  their 
doctrines  and  recommendations  having 
been  made  to  rest  on  mere  opinion  or 
experience,  without  even  an  attempt 
being  made  to  exliibit  their  relation 
to  the  physiological  or  divine  laws,  by 
which  alone  their  fitness  or  efficiency 
could    be   satisfactorily  established, 
their  high  authority  made  manifest, 
and  a  principle  obtained  for  applying 
them  under  evei-y  variety  of  circum- 
stances.* 

»  For  additional  observations  by  Dr 
Cotnbe  on  the  subject  of  this  chHpter,  see 
Letter  on  the  introduction  of  religion  into 


CHAPTER  IV. 

STEUCTDRE  AND  FUNCTIONS  OF 
THE  SKIN. 

In  selecting  the  organs  and  functions 
to  be  treated  of  in  this  volume,  I  have 
been  guided  partly  by  their  intrinsic 
importance  with  relation  to  the  well- 
being  of  the  animal  economy ;  and 
partly  by  the  comjiarative  ignorance 
which  f)revails  in  regard  to  them,  and 
the  extent  to  which  they  are  under 
our  own  control.  As  characterized  by 
all  these  features  in  a  very  high  de- 
gree, I  shall  commence  with  an  ex- 
planation of  the  structure  and  func- 
tions of  the  skin. 

The  skin  is  that  membranous  cover- 
ing which  is  spread  over  the  whole 
surface  of  the  body,  and  which  serves 
to  bind  together,  and  to  protect  from 
injury,  the  subjacent  and  more  delicate 
textures.  In  difl'erent  animals,  and 
at  diiferent  parts  of  the  body,  it  as- 
sumes different  appearances.  It  is 
smooth,  soft,  and  delicate  in  youth, 
and  in  females ;  firmer  and  more  re- 
sisting in  middle  age  and  in  males  ; 
flabby  and  wrinkled  in  old  age,  and 
after  disease  ;  j)uckered  or  disposed  in 
folds  in  places  that  admit  of  extensive 
flexion,  as  over  the  finger-joints  and 
in  the  palm  of  the  hand  ;  and  thick 
and  horny  where  it  is  subjected  to  the 
influence  of  pressure,  as  in  the  soles  of 
the  feet. 

The  structure  of  the  skin,  like  that 
of  every  other  part  of  the  animal 
frame,  displaysthe  most  striking  proofs 
of  the  transcendent  wisdom  and  benefi- 
cence of  the  great  Creator.  Though 
simple  in  appearance  and  in  design, 
it  is  a  compound  and  elaborate  texture, 
and  is  the  seat  of  a  variety  of  func- 
tions. In  a  general  way,  it  may  be 
described  as  composed  of  two  layers  of 
membrane,  viz.,  the  thin  scarf-skin  or 
cuticle,  and  the  thick  true  skiri  or  cutis, 
which  lies  under  the  other,  and  di- 
rectly envelopes   the   body.     In  a 

common  schools,  in  his  Life  and  Corres- 
pondence, pp.  501-0.  The  Letter  has  been 
published  separately. 
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strictly  scientific  treatise  it  would  be 
necessary  to  enter  upon  a  minute  ex- 
amination of  the  structure  and  origin 
of  these  constituent  parts  ;  but  in  a 
work  like  the  present,  intended  cliiefly 
for  the  non-professional  reader  and  for 
practical  purposes,  it  will  be  more  in- 
teresting and  instructive  to  confine 
ourselves  to  such  a  general  view  of 
the  nature  and  functions  of  the  skin 
as  can  be  easily  understood  by  every 
intelligent  person,  and  made  available 
in  the  ordinary  management  of  our- 
selves and  our  families.  For  this  rea- 
son, instead  of  beginning  with  the 
consideration  of  the  internal  layer  or 
true  skin,  as  a  scientific  anatomist 
would  do,  I  shall  adopt  the  plainer 
method  of  commencing  with  thecuticle. 

Fig.  1. 
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Fig.  1  represents  a  section  of  the  skin  of 
the  palm  of  the  hanJ,  maguififd  fifteen 
times,  and  made  transversely  to  the  ridges, 
three  of  whicli  it  shews. 

a  b,  Tlie  external  and  middle  layers  of  the 
epidermis. 

c.  The  internal  antl  newly  deposited  layer, 
formerly  known  as  the  rete  mucositm. 

d.  The  papilhe,  which  are  here  seen  as- 
sociated in  pairs,  and  form  parallel  rows  be- 
tween which  a  perspiratory  duct  passes  to 
open  ou  the  summit  of  the  ridge. 

e.  The  cutis  or  true  skin. 

/  ff.  The  sub- cutaneous  fatty  layer,  in 
which  are  imbedded  the  pei-spiratory  glands. 
h  h.  The  perspiratory  ducts. 


The  cuticle,  scarf-skin,  or  epidermis 
(from  in,  upon,  and  Ss^^aa,  the  skin), 
is  the  external  layer  of  the  skin,  and 
is  that  which  is  raised  in  blisters. 
(See  fig.  1,  a  b.)  To  the  naked  eye, 
it  appears  to  be  a  thin  continuous 
membrane,  destitute  of  organization, 
and  without  either  blood-vessels  or 
nerves.  When  cut  or  torn  it  neither 
bleeds  nor  feels  pain.  It  is  secreted 
in  a  fluid  state  by  the  outer  surface  of 
the  true  skin,  or  rather  by  a  thin 
glutinous  layer  covering  it,  which  has 
received  the  name  of  the  basement  or 
primary  membrane.  On  this  lie,  with- 
out any  definite  line  of  demarcation, 
a  vast  number  of  minute  granules  or 
nuclei,  which  are  gradually  converted 
into  cells  ;  and  these,  by  aggregation, 
are  in  their  turn  converted  into  a  con- 
tinuous membrane.  Fresh  cells  beinff 
constantly  formed,  the  previous  ones 
are  gradually  pushed  outwards,  and 
slowly  lose  their  moisture  as  they 
approach  the  surface.  In  this  way 
epidermic  strata  of  different  physical 
properties  are  formed,  and  of  these, 
three  may,  in  general,  be  readily 
distinguished  ;  namely,  the  internal, 
which  is  moist  and  soft ;  the  middle, 
which  is  still  moist,  but  has  become 
tough  ;  and  the  third,  which  is  dry  and 
horny.  In  this  last  tlie  original  poly- 
gonal cells  have  been  dried  up  into  thin 
flattened  scales,  which  friction  readily 
detaches  from  the  surface  as  a  bran- 
like dust.  The  cells  and  scales  are  so 
piled  one  above  another  that  they 
overlap  each  other  in  every  direction ; 
and,  as  they  adhere  strongly  together, 
they  constitute  a  firm,  dense,  and  al- 
most impermeable  membrane,  whicli 
is  so  closely  applied  to  the  surface  of 
the  cutis  that  it  shews  exactly  the  eleva- 
tions and  depressions  which  exist  upon 
it.  Along  with  the  nuclei  which  are 
transformed  into  the  epidermic  cells, 
certain  coloured  granules  are  secreted, 
which  become  incorporated  with  the 
cells,  and  give  the  skin  its  darker  or 
lighter  hue.  They  appear  of  a  deeper 
tinge  in  tlie  freshly  dcjjosited  layers  of 
the  epidermis,  whichare  yet  moist, than 
in  the  dry  flattened  scales  of  the  sur- 
face; and  are  very  numerous  in  the 
dark  races  of  mankind,  especially  in 


26 


USES  OP  THE  CUTICLE. 


the  negro,  where  they  are  occasionally 
aggregated  in  groups  so  as  to  form 
true  pigment-cells,  similar  to  those  of 
the  eye. 

It  was  long  a  matter  of  dispute 
whether  the  cuticle  be  perforated  with 
pores  or  not.    The  fact  of  its  giving 
passage  outward  to  the  persjjiration, 
and  also  inward  to  substances  rubbed 
upon  its  external  surface,  seemed  to 
indicate  the  affirmative,  but  many  of 
the  older  physiologists  were  induced 
to  question  their  existence,  from  the 
difficulty  of  accounting  for  the  con- 
finement of  the  fluid  of  a  blister.  It 
is  now,  however,  fully  ascertained  that 
the  epidermis  is  traversed  by  an  in- 
finite number  of  minute  tubes,  belong- 
ing to  two  sets  of  glands,  namely 
those  which  secrete  the  perspiration, 
and  those  which  yield  the  sebaceous  or 
fatty  matter  with  which  the  skin  is 
lubricated.    With  the  aid  of  a  magni- 
fying glass,  the  excretory  orifices  of 
the  former  may  readily  be  recognised 
on  the  palm  of  the  hand,  as  small  fun- 
nel-shaped depressions  on  the  crests 
of  the  ridges  ;  while  the  openings  of 
the  ducts  of  the  latter  are  well  seen  on 
the  nose  and  forehead.    The  compres- 
sion which  the  spiral  tubes  undergo  in 
the  substance  of  the  epidermis  from  its 
tense  state  when  raised  in  blisters,  to- 
gether with  the  collapse  of  the  ragged 
ends  of  the  ducts,  when  stretched  and 
torn  by  this  separation  of  the  cuticle 
from  the  cutis,  afford  a  sufficient  ex- 
planation of  the  complete  retention  of 
the  serum. 

The  structure  of  the  cuticle  is  thus 
in  admirable  harmony  with  its  uses. 
Placed  as  an  insensible  intermedium 
between  external  objects  and  the  deli- 
cate nervous  expansion  on  the  surface 
of  the  subjacent  true  skin,  it  serves  as 
a  physical  defence  against  friction ; 
and  while,  by  impeding  evaporation, 
it  preserves  the  true  skin  in  that  soft 
and  moi.ft  state  which  is  essential  to 
its  utility,  it  also,  by  impeding,  but 
not  absolutely  preventing,  absorption, 
enables  man  to  expose  himself  with- 
out injury  to  the  action  of  numerous 
agents,  which,  but  for  its  protection, 
would  immediately  be  imbibed,  and 
cause  the  speedy  destruction  of  health 


or  life.  This  is  remarkably  exempli- 
fied in  several  trades,  where  the  work- 
man is  unavoidably  exposed  to  an 
atmosphere  loaded  with  metallic  and 
poisonous  vapours,  or  obliged  to  handle 
poisonous  substances ;  and  where,  with- 
out the  intervention  of  the  cuticle,  the 
evils  to  which  he  is  subjected  would 
be  aggravated  a  hundred-fold.  The 
cuticle  thus  very  much  resembles  a 
coat  of  varnish  spread  over  the  true 
skin  for  its  protection,  .skilfully  con- 
trived to  allow  the  free  jiassage  out- 
wards of  the  cutaneous  secretions,  and 
to  impede  the  passage  inwards  of  dele- 
terious substances.  Being  destitute  of 
nerves,  it  is  not  hurt  by  the  direct 
contact  of  external  bodies  ;  and  being 
very  thin,  it  blunts  without  impairing 
the  distinctness  of  the  impression  made 
on  the  nerves  of  sensation.  The  ne- 
cessity of  this  blunting  effect  becomes 
very  obvious  when  the  cuticle  is 
abraded,  or  removed  by  blistering. 
The  surface  below  is  then  found  to  be 
too  tender  and  irritable  for  the  exer- 
cise of  toucli,  and  conveys  scarcely  any 
other  sensation  than  tliat  of  pain. 

For  the  same  reason,  those  parts  of 
the  skin  which  are  most  exposed  to 
pressure  and  friction,  such  as  the  palms 
of  the  hands  and  soles  of  the  feet,  are 
provided  with  a  thicker  cuticle  to  de- 
fend them  from  injury.  The  greater 
thickness  of  the  cuticle  in  such  situa- 
tions is  manifestly  the  intentional  work 
of  the  Creator,  for  it  is  perceptible 
even  at  birth,  before  use  can  have  ex- 
ercised any  influence.  Indeed,  were 
the  tender  skin  not  so  protected,  every 
violent  contraction  of  the  hand  upon 
a  rough  and  hard  surface,  and  every 
step  made  on  uneven  ground,  would 
cause  pain,  and  disable  us  for  exertion. 

By  another  beneficent  provision, 
calculated  to  afford  increased  protec- 
tion according  to  the  necessities  of  the 
individual,  it  happens  that,  when  a 
part  is  much  used,  the  cuticle  covering 
it  grows  thicker  and  thicker  within 
certain  limits,  till  in  extreme  cases  it 
grows  as  thick,  hard,  and  resisting  as 
horn.  It  is  this  thickening  of  the  epi- 
dermis on  the  lady's  finger  that  alone 
enables  her  to  wield  with  impunity 
that  important  instrument  the  needle. 
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And  it  is  the  same  thickening  that  fits 
the  blacksmith  and  the  mason,  the 
stone-breaker  and  the  boatman,  to  ply 
their  trades,  without  that  painful  blis- 
tering which  the  young  apprentice  or 
unaccustomed  labourer  so  regularly 
undergoes,  and  which  must  have  con- 
tinued to  recur  for  ever,  had  the  cuticle 
been  organized  with  blood-vessels  and 
nerves,  or  not  subjected  to  this  law  of 
becoming  thicker  whei'ever  increased 
protection  is  required. 

xVnother  modification  of  the  cuticle 
to  suit  peculiar  circumstances,  is  that 
observed  in  the  nails.  These  belong 
to  the  cuticle,  and  separate  with  it ; 
and,  like  it,  they  have  no  visible  blood- 
vessels or  nerves,  and  may  be  cut  or 
bruised  without  pain.  When  the  hand 
or  foot  is  macerated  in  water,  the  nails 
and  the  cuticle  shew  their  identity  of 
organization,  by  separating  together 
from  the  dermis  or  true  skin  below. 
■  i|  But  although  insensible  themselves, 
the  nails,  by  conveying  the  impression 
of  external"  objects  to  the  numerous 
nerves  which  are  ramified  below  their 
internal  surface,  constitute  one  of  the 
most  delicate  organs  of  touch,  and  re- 
cognise asperities  which  escape  the 
feeling  of  the  pulps  of  the  fingers. 
Like  the  cuticle  they  serve  also  to  pro- 
tect the  subjacent  parts  from  injury  ; 
and,  accordingly,  in  those  lower  ani- 
mals whose  manner  of  life  subjects 
their  feet  to  continual  pressure,  and 
requires  no  nice  exercis*  of  toucli. 
Nature  has  provided  horny  and  resist- 
ing hoofs  for  their  protection,  instead 
of  merely  a  thickened  epidermis. 

But  in  order  to  produce  thickening 
of  the  cuticle,  exercise  must  be  gradual, 
and  not  too  severe.  If,  for  (vcample, 
a  person  takes  a  very  long  walk,  rows 
a  boat,  or  makes  use  of  a  heavy  ham- 
mer, for  a  few  hours,  without  having 
been  accustomed  to  such  labour,  there 
is  no  time  for  the  cuticle  to  thicken, 
and  strengthen  itself  for  the  unusual 
friction.  The  parts  below,  being  in- 
adequately protected,  become  irritated 
and  inflamed,  and  throw  out  on  their 
surface  a  quantity  of  watery  fluid  or 
serum,  which  raises  up  the  cuticle  in 
blisters,  and,  by  making  it  painful  to 
continue  the  pressure,  obliges  the  per- 
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son  to  desist  from  an  exercise  which, 
if  continued,  would  evidently  soon 
alter  the  structure  of  the  sentient  ner- 
vous filaments,  and  for  ever  unfit  them 
for  their  proper  uses  :  So  that  even 
in  this  result,  beneficence  and  wisdom 
are  prominently  displayed. 

As  already  stated,  the  cuticle  is  re- 
markable also  as  being  the  seat  of  the 
colour  of  the  skin.  The  colouring 
matter  forms,  as  we  have  seen,  an  ori- 
ginal constituent  part  of  the  epider- 
mis, but,  from  its  being  so  much  more 
apparent  on  the  inner  and  moister 
epidermic  surface,  many  physiologists 
have  been  induced  to  describe  the 
freshly  deposited  layer  of  the  epider- 
mis as  a  separate  membrane — the  so- 
called  mucous  coat  or  rete  mucosum. 
The  dejjosit  of  colouring  matter  varies 
in  different  individuals,  and  in  dif- 
ferent races.  It  is  more  abundant  in 
the  brunette  than  in  the  blonde,  in  the 
negro  than  in  the  European.  As  a 
general  rule,  it  is  increased  by  the 
stimulus  of  light  and  heat;  the  com- 
plexion becoming  dark  in  summer 
from  its  increased  secretion,  and  re- 
lapsing into  paleness  on  the  approach  of 
winter,  when  the  stimulus  of  the  solar 
light  and  heat  is  withdrawn.  In  some 
individuals  no  colouring  matter  is  de- 
posited ;  and  even  in  the  negro  it  is 
occasionally  wanting.  Such  pei-sons 
are  termed  Albinos,  and  are  generally 
remarkable  for  feeble  powers  of  mind 
and  body.  It  sometimes  happens  that 
the  colouring  matter  is  abnormally 
secreted  in  greater  abundance  by  one 
part  of  the  skin  than  another,  and  the 
cuticle  is  then  mottled  over  with  dark 
sulphur  or  liver-coloured  patches.  The 
cause  of  this  increase  depends  on  some 
particular  condition  of  the  system, — 
such,  for  instance,  as  the  state  of  preg- 
nancy,— and  accordingly  it  is  observed 
that  the  patches  disappear  with  the 
peculiar  condition  which  produced 
them.  It  has  also  been  remarked,  that 
the  browning  effects  of  the  sun  and 
air  on  the  human  skin  are  peculiar  to 
a  state  of  health;  and  Dr  Prout thinks 
he  has  noticed  that  individuals  with  a 
deep  scrofulous  taint  do  not  readily 
become  sun-burnt.  It  is  probable,  how- 
ever, that  the  grounds  of  this  remark 
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lie  in  tlie  simple  fact  that  persons  in 
feeble  health  are  rarely  so  much  ex- 
posed, as  the  strong  and  robust,  to  the 
solar  influence.  The  dark  colour  in 
the  negro  has  been  supposed  to  di- 
minish the  heating  influence  of  the 
sun's  rays  in  tropical  climates,  from 
the  higher  radiating  power  which  is 
possessed  by  a  black  than  by  a  light 
surface.  But  there  is  reason  to  doubt 
the  soundness  of  the  theory  at  least ; 
for  black  is  well  known  to  excel  in 
absorbing  as  well  as  in  radiating  heat, 
and  the  experiments  of  Dr  John  Davy 
and  otliers  in  Africa  and  other  warm 
climates  seem  to  shew,  that  the  tem- 
perature of  the  dark-coloured  natives 
does  not  materially  differ  from  that 
of  Europeans  under  the  same  circum- 
stances. 

Tiie  inmost  layer  of  the  epidermis  is 
the  seat  of  the  beautiful  and  variegated 
colouring  observed  in  the  skins  of 
many  fishes  and  other  animals,  in  which 
it  has  often  a  high  and  almost  metal- 
lic splendour. 

Let  us  now  direct  our  attention  to 
the  true  skin,  cutis,  or  dermis,  which 
both  in  structure  and  functions  is  far 
more  important  than  tlie  cuticle.  The 
cutis  (fig.  1,  e)  is  a  complicated  net- 
work of  fibres  interlaced  in  every  di- 
rection, possessed  of  great  extensibility 
and  elasticity,  so  that  the  skin  readily 
accommodates  itself  to  the  shape  and 
varying  degrees  of  protrusion  of  the 
subjacent  organs.  The  meslies  formed 
by  the  interlacing  of  the  fibres  are 
much  more  compact  and  dense  on  tlie 
external  than  on  the  internal  surface 
of  the  cutis.  On  the  latter  they  open 
uj)  into  cells  or  areoke,  wliich  contain 
the  subcutaneous  fat  (fig.  1,  ;  and 
some  fibres,  stretching  deeper  inwards 
and  forming  connections  with  sub- 
jacent organs,  serve  to  bind  down  the 
skin,  wliile,  at  the  same  time,  they 
allow  it  a  certain  degree  of  motion. 
The  subcutaneous  fatty  layer  varies 
in  thickness  in  different  parts  of  the 
body.  On  the  scalp  it  is  about  a  line 
in  thickness,  and,  as  a  general  rule, 
from  two  to  four  lines  over  the  rest  of 
the  body.  Occasionallj',  however,  it 
forms  a  stratum  an  inch  thick  ;  but  in 


some  parts  of  the  body,  such  as  the 
hands  and  feet,  where  such  accumula- 
tion would  be  very  inconvenient,  no 
great  deposit  ever  takes  place.  Its  use 
is  to  give  roundness  to  the  form,  and 
to  protect  the  subjacent  delicate  struc- 
tures from  injury.  The  latter  of  these 
purposes  is  beautifully  exemplified 
in  the  .soles  of  the  feet,  where  the 
dense  fatty  layer  acts  like  a  cushion 
and  prevents  the  delicate  vessels  and 
nerves  from  being  injured  by  pressure. 
The  subcutaneous  fat  is  likewise  use- 
ful in  assisting  to  retain  the  heat  of 
tlie  body.  Partly  from  its  being  a 
bad  conductor  of  caloric,  and  partly 
from  its  serving  as  a  store  of  heat-pro- 
ducing aliment  for  the  body,  it  enables 
corpulent  persons  to  withstand  the  ac- 
tion of  cold  longer  than  spare  indivi- 
duals.* 

The  true  skin,  when  deprived  of  the 
epidermis,  appears  to  the  naked  eye  as 
a  smooth  even  memiirane;  but  when 
viewed  with  a  magnifying  glass,  its 
surface  presents  innumerable  small 
elevations,  with  nunute  pits  or  de- 
l)ressions  interposed.  The  elevations 
(fig.  1,  d)  are  the  papilloi  of  the  skin, 
the  depressions  the  openings  of  the 
ducts  of  the  sebaceous  and  perspiratory 
glands. 

The  papilla;  constitute  the  external 
organ  of  touch  or  feeling,  whence  the 
impressions  received  from  outward 
objects  in  contact  with  them  are  trans- 
mitted through  the  nerves  to  the  brain. 
They  consist  of  small  pyramids  (fig.  1, 
d),  on  an  average  about  ^'^  of  a  line 
in  height,  but  varying  in  size  in  differ- 
ent parts  of  the  body.  The  largest  are 
in  the  soles  of  the  feet,  where  a  height 
of  from  to  -r\  of  a  line  is  attained  ;' 
while  the  smallest — in  the  female  cheek 
— are  only  -^^  of  a  line  in  elevation. 
In  some  parts  of  the  body,  too,  they 
are  more  numerous  than  in  others; 
being  at  certain  places  so  closely  set 
that  their  bases  touch,  while  at  others 
they  are  separated  by  spaces  equal 
to  the  areas  of  their  bases. 

The  papilla;  contain  the  peripheral 
extremities  of  the  cutaneous  vessels 
and  nerves.    The  blood-vessels  which 

*  See  the  autlior's  work  on  Digestion  and 
Diet,  9th  edition,  pp.  14,  86. 
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• '  supply  the  skin,  give  off,  in  traversing 
"I  its  substance,  numerous  branches  to 
■'  I  the  sebaceous  and  perspiratory  glands, 
^  and  on  reaching  the  surface  spread 
1  out  into  a  fine  vascular  network, 
■I  through  the  meshes  of  whicli  the 
■«j  papilhe  penetrate  ;  the  sizes  of  the 
J  i  apertures  which  permit  their  passage 
j  being  in  genei-al  regulated  by  the  areas 
J I  of  their  bases.  Each  papilla,  according 
'J  ■  to  its  size,  receives  one  or  more  small 
v.  ;  blood-vessels,  which  penetrate  to  the 
apex,  and  there  bend  upon  themselves 
•li  to  return  to  join  the  vascular  expansion, 
ij  In  the  same  way,  every  papilla  re- 
iv  i  ceives  at  least  one  nervous  twig,  and 
^1  a  nervous  expansion  equal  to  that  of 
<i  the  vascular  is  formed.  The  dermis 
f-\  is  thus  so  abundantly  supplied  with 
i-!    blood  and  nervous  threads,  that,  for 

I  practical  purposes,  it  may  almost  be  re- 
ie|  gai'ded  as  composed  of  blood-vessels 
^  and  nerves  alone  ;  and  it  is  important 
n  \  to  notice  this  fact.  The  universal  and 
•ii  equal  redness  of  the  skin  in  blushing 
j| !  is  itself  a  proof  of  great  vascularity  ; 
.  I  but  a  still  stronger  consists  in  our 
w  I  being  unable  to  direct  the  point  of 
i     the  finest  needle  into  any  spot  with- 

j    out  puncturing  a  vessel  and  drawing 
blood.   The  same  test  proves  the  equal 
■  >    abundance  of  nervous  filaments  in  the 
j     skin  :  for  not  a  point  can  be  punctured 
,  I    without  transfixing  a  nerve  and  caus- 
j     ing  pain  ;  and  it  is  well  known  that, 
in  surgical  operations  and  accidental 
wounds,  the  chief  pain  is  always  in 
i|   the  skin,  because  it  is  profusely  sup- 
.1    plied  with  nerves  on  purpose  to  serve 

II  as  an  instrument  of  sensation. 

I       In  addition  to  its  functions  of  pro- 
tecting the  subjacent  parts,  and  afford- 
I    ing  a  support  for  the  network  of  ves- 
sels and  nerves,  the  skin  performs  the 
:    duties  of  a  secreting  or<jan,  and  as  such 
'    its  importance  to  the  well-being  of 
i    the  organism  cannot  well  be  over- 
I    estimated.    For  a  long  time  the  per- 
j    S[jiration  or  sweat  was  considered  to 
!    be  simply  an  exudation  of  the  watery 
portion  of  the  blood  from  the  very 
minute  ramifications   of  the  blood- 
vessels ;  and  hence  the  fact  of  the  skin 
being  extremely  vascular  was  sup- 
!!    jjosed  to  be  a  perfectly  sufficient  ex- 
i    planation  of  the  origin  and  large  quan-  | 


tity  of  the  matter  thus  thrown  out  of 
the  system.  This,  however,  is  a  very  in- 
correct view  of  the  subject.  The  sweat 
is  not  a  mere  watery  exudation,  but  a 
distinct  secretion  effected  by  glands, 
or  small  bodies  of  a  glandular  nature, 
expressly  provided  for  the  purpose. 
Each  consists  of  a  minute  tube,  which 
commences  with  a  blind  end  in  the 
subcutaneous  fatty  laj'er,  where  it 
forms  a  number  of  convolutions  (fig.  1, 
/.)  It  then  passes  in  a  gently  waving 
or  spiral  line  through  the  cutis, and  tra- 
verses the  epidermis  in  a  compressed 
spiral  course  {h  h.)  The  number  of 
windings  which  the  duct  describes  in 
the  epidermis  varies  with  the  thick- 
ness of  this  membrane,  from  one 
where  it  is  thinnest  to  about  twenty  in 
the  heel.  The  length  of  the  con- 
voluted portion  in  the  fatty  layer  when 
unravelled,  is  estimated  by  Krause  at 
f  of  a  line,  and  that  of  the  remainder 
varies  with  the  thickness  of  the  tissues 
it  has  to  traverse.  The  spiral  course 
through  the  epidermis  is  probably  a 
mere  physical  result,  dependent  on  the 
drying  up  and  consequent  condensa- 
tion of  the  epidermic  layer. 

No  part  of  the  surface  of  the  body  is 
unprovided  with  perspiratory  glands, 
but  both  their  number  and  size  vary 
in  different  regions.  They  are  largest 
in  the  groin  and  armjjit,  are  most 
numerous  in  the  palms  of  the  hands 
and  soles  of  the  feet  (where,  as  already 
observed,  their  orifices  may  easily  be 
recognised  on  the  summits  of  the  rid- 
ges), and  fewest  on  the  back.  Ac- 
cording to  Krause,  the  extreme  num- 
bers are  2736  per  square  inch  on  the 
palms,  and  417  on  the  back. 

Sujiposing  the  body  to  present  a 
superficial  surface  of  15  square  feet, 
French  measure,  Krause  estimates  the 
total  number  of  perspiratory  glands  to 
amount  approximatively  to  2,700,000, 
exclusive  of  those  of  the  armpit,  which 
from  their  comparatively  large  size 
he  places  in  a  different  category  ;  and, 
including  them,  he  calculates  the 
whole  perspiratory  apparatus  to  re- 
present a  glandular  mass  of  nearly 
four  cubic  inches,*  equal  in  size  to 

*  Wagner's  Handwijrtorbuch  Jer  Physio- 
logic, vol.  ii.  p.  131. 
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about  f  of  the  mass  of  the  kidneys, 
but  having  in  proportion  considerably 
less  secreting  power,  from  their  struc- 
ture being  much  less  compact.  But  all 
such  estimates  must  be  received  more  as 
matters  of  curiosity  than  as  positive 
knovi-ledge,  and  this  will  be  evident 
on  comparing  iMr  Wilson's  calculation 
of  the  number  of  the  glands  with  that 
of  Krause.  He  estimates  them  on  an 
average  at  2800  in  the  square  inch,  and 
the  length  of  each  tube  at  I  of  an  inch. 
"  Now,"  say  s  he,  "the  number  of  square 
inches  of  surfiice  in  a  man  of  ordinary 
height  and  bulk  is  2500  ;  the  number 
of  pores,  therefore,  7,000,000,  and  the 
number  of  inches  of  perspiratory  tube 
1,750,000,  that  is,  145,833  feet,  or 
48,600  yards,  or  nearly  twenty-eight 
miles."*  This  more  than  doubles  the 
estimate  of  Krause,  who,  however, 
seems  to  have  been  very  careful  in 
fi.xing  their  number  on  different  parts 
of  the  skin,  and  in  drawing  an  aver- 
age from  the  data  thus  obtained.  The 
conclusions,  then,  though  of  little 
practical  value,  are  still  useful  in  im- 
pressing very  forcibly  on  the  mind  the 
importance  of  the  exhaling  function 
of  the  skin. 

From  the  orifices  of  the  perspiratory 
ducts  the  perspiration  is  constantly 
escaping  as  an  invisible  vapour,  which 
however  is  made  apparent  by  conden- 
sation when  the  skin,  especially  that 
of  the  hand,  is  brought  into  contact 
with  a  cold  polished  surface.  When  the 
body  is  heated  by  exercise,  the  action 
of  the  glands  is  so  much  increased  that 
the  air  can  no  longer  take  up  the  whole 
of  the  secretion  as  a  vapour,  and  it 
then  appears  issuing  from  every  pore 
as  liquid  sweat.  Viewed  as  an  exhalant, 
therefore,  the  skin  cannot  fail  to  be  re- 
garded with  great  interest,  from  t)ie 
constant  influence  which  it  exerts  over 
the  welfare  of  the  animal  economy.  But 
few  have  any  just  notion  of  the  actual 
extent  and  importance  of  the  exhala- 
tion, such  as  we  shall  now  attempt  to 
exhibit  it. 

During  the  whole  period  of  life, 
the  body  is  in  a  state  of  constant  de- 
cay and  renovation,  and  when  the  due 

♦  On  Healthy  Skin,  2cl  ed.  p.  52. 


balance  between  these  processes  is  in- 
terfered with  the  health  immediately 
suffers,  and  fatal  consequences  often 
ensue.     The  skin,  the  kidneys,  the 
bowels,  and  the  lungs,  constitute  the 
channels   or    outlets   by   which  the 
waste  matter  is  removed  ;  and  the 
excretion  by  the  skin,  though  fre- 
quently unnoted,  is  as  essential  to 
the  well-being  of  the  organism  as  that 
through  any  of  the  other  channels. 
In  the  ordinary  healthy  state  of  the 
body,  no  cutaneous  exhalation  is  seen, 
but  the  skin  is  felt  to  be  soft  and 
slightly  moist.   If,  however,  a  cool  and 
well-dried  mirror  is  brought  nearly 
into  contact  with  its  surface,  moisture 
is  speedily  observed  to  gather  upon 
it,  pi-oving  that  in  reality  an  exhala- 
tion of  vapour  is  constantly  going  on. 
The  same  fact  is  made  apparent,  as 
Mr  Faraday  has  recently  shewn,  by 
the  shadows  which  vajjours  may  be 
made  to  throw,  and  it  is  more  famili- 
arly proved  by  the  speedy  impregna- 
tion of  flannels  or  other  clothes  in 
contact  with  the  skin,  indicated  by  the 
peculiar  dampness  and  smell  which  it 
imparts  to  them.   Being  invisible  and 
impalpable,  this,  the  usual  form  of  ex- 
halation, is  called  the  im^ensible  2)er- 
spiration,  to  distinguish  it  from  that 
more  copious  and  fluid  secretion  which, 
as  we  have  said,  is  produced  under 
severe  exercise  or  the  infl  uence  of  great 
heat,  and  which,  being  both  visible  and 
tangible,  is  called  sensible  i^erspiration 
or  sweat. 

But  physiologists  do  not  in  general 
regard  the  perspiratory  glands  as  the 
sole  agents  concerned  in  producing 
the  cutaneous  exhalation  ;  and  Valen- 
tin* and  Krause t  have  entered  into 
elaborate   calculations    to  show  that  1 
the  evaporating  surface  presented  by  j 
the  combined  areas  of  the  excretory  j 
orifices  could  furnish  only  about  f  of 
the  quantity  of  the  ordinary  insensible 
perspiration.    Hence  these  physiolo- 
gists infer  that  the  greater  part  of 
this  exhalation  traverses  the  skin  by 

•  Lehrbuch  dcr  Phjsiologie,  2d  ed.,  vol. 
i.  p.  (;19. 

t  In  Wagner's  Haiidworterbuch  der 
I  Physiologie,  vol.  ii.,  Art.  Kavt. 
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the  physical  process  of  evaporation, 
and  that  the  chief  use  of  the  perspira- 
tory glands  is  to  secrete  the  sweat, 
when  by  exercise  or  any  other  cause 
the  necessity  for  cutaneous  excretion 
becomes  greater  than  can  be  satisfied 
by  the  insensible  perspiration.  Krause 
has  shown  that  although  water  can- 
1      not  traverse  the  epidermis  in  its  liquid 
form,  it  readily  passes  through  it  in  the 
, I     state  of  vapour;  a  fact  exemplifiLd  in 
►      the  drying  up  of  the  body  al  ter  death, 
and  the  formation  of  natural  mummies 
il      in  some  burial-vaults.   Had  the  struc- 
,\i     ture  of  the  epidermis  allowed  the  free 
V      passage  of  liquids,  the  surface  of  the 
skin  would  have  been  constantly  cold 
,      and  moist,  or  the  great  evaporation 
,.     would  have  dried  up  the  body,  to  an 
5  I     extent  incompatible  with  the  continu- 
ji     ance  of  life. 

The  evident  importance  of  the  cu- 
taneous  exhalation  to  the  welfare  of 
i.      the  system  at  large,  has  led  to  many 
attempts  to  form  an  accurate  estimate 
of  its  amount ;  bat  so  many  difficulties 
have  stood  in  the  way  of  obtaining 
I      precise  results,  and  the  difference  in 
,     different  constitutions,  and  even  in  the 
'      same  person  at  different  times,  is  so 
^  ■     great,  that  we  must  be  satisfied  with 
an  approximation  to  the  truth.  Among 
J'      the  first  inquirers  whose  accuracy  can 
"  l     be  in  any  degree  relied  on,  Sanctorius 
'      deserves  to  be  honourably  mentioned. 
*p     With  a  zeal  and  perseverance  worthy 
of  greater  success,  he  carefully  weighed 
'     himself,  his  food,  and  his  excretions, 
i     in  a  balance,  every  day  for  thirty  years, 
'       and  came  to  the  conclusion  that  Jive 
:    out  of  every  eight  pounds  of  substances 
taken  into  the  system  pass  out  of  it 
again  by  the  skin  and  lungs,  leaving 
"»i    only  three  to  pass  off  by  tlie  bowels 
and  kidneys.  The  celebrated  Lavoisier 
;     and  M.  Seguin  afterwards  entered  on 
■U     the  same  field  of  inquiry,  and  with 
more  satisfactory  results,  as  they  were 
the  first  to  distinguish  between  the 
i'*",     cutaneous  and  pulmonary  exhalations. 
'      M.  Seguin  shut  himself  up  in  a  bag  of 
iy      glazed  taffeta,  which  was  tied  over  his 
head  and  provided  with  a  hole,  the 
,|,'    edges  of  which  were  glued  to  his  Hps 
with   a  mixture  of  turpentine  and 
:.ft    pitch,  so  that  the  pulmonary  exhala- 
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tion  might  be  thrown  out  and  the 
cutaneous  alone  be  retained  in  the 
bag.  He  first  weighed  himself  and 
the  bag  in  a  very  nice  balance,  at  the 
beginning  of  the  experiment ;  then  at 
the  end  of  it,  when  he  had  become 
lighter  in  proportion  to  the  quantity 
of  exhalation  thrown  out  by  the  breath- 
ing ;  and  lastly,  he  weighed  himself 
out  of  the  b:ig,  to  ascertain  how  nmch 
weight  ho  had  lost  in  all ;  and  by  sub- 
tracting the  loss  occasioned  by  the 
lungs,  the  remainder  of  course  ex- 
hibited the  amount  carried  off  by  the 
skin.  He  attended  minutely  also  to 
the  collateral  circumstances  of  diet, 
temperature,  &c. ;  and  allowance  be- 
ing made  for  these,  the  results  at  which 
he  arrived  were  the  following : — 

The  h'Tijest  quantity  of  insensible 
perspiration  from  the  lungs  and  skin 
together,  amounted  to  thirty -twograins 
per  minute ;  three  ounces  and  a  quar- 
ter  per   hour ;  or  five  pounds  per 
day.    Of  this,  the  cutaneous  consti- 
tuted three-fourths,  or  sixty  ounces  in 
twenty-four  hours.  The  smallest  quan- 
tity   observed   amounted    to  eleven 
grains  per  minute,  or  one  pound  eleven 
and    a-half   ounces    in  twenty-four 
hours,  of  which  the  skin  furnished 
about  twenty  ounces.    The  medium 
or  average  amount  was  eighteen  grains 
a  minute,  of  which  eleven  were  from 
I  the  skin,  making  the  cutaneous  perspi- 
ration   in    twenty-four  hours  about 
thirty-three  ounces*   When  the  extent 
of  surface  which  the  skin  presents  (cal- 
culated at  2500  square  inches)  is  con- 
sidered, these  results  do  not  seem  ex- 
travagant, while  tiiey  render  it  abun- 
dantly evident  that  exhalation  must 
be  a  very  important  function  of  the 
skin  ;  and  although  the  precise  amount 
varies  with  circumstances,  they  make 
it  certain  that  in  health  the  cutaneous 
and  pulmonary  exhalations  are  fre- 
quently more  abundant  than  the  united 
excretions  of  both  bowels  and  kidneys. 
According  as  tlie  weather  becomes 

*  These  calculations  are  in  old  French 
weight,  in  which  the  ounce  is  about  the 
same  as  the  troy  ounce,  and  the  lb.  contain- 
ing 1  fi  oz.  is  a  fourth  more  than  the  troy  lb. 
which  contains  Vi  oz. 
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warmer  or  colder,  the  skin  and  kid- 
neys alternate  in  the  jjroportions  of 
water  which  they  severally  throw  out; 
most  passing  oft'  by  the  skin  in  warm 
weatlier,  and  by  tlie  kidneys  in  cold. 
The  quantity  exhaled  increases  after 
meals — in  dry  warm  weather — and  by 
friction,  or  whatever  stimulates  the 
skin  ;  and  diminishes  when  digestion 
is  impaired,  and  in  a  moist  atmosphere. 
As  an  example  of  the  influence  of  mois- 
ture we  may  quote  the  experiment  of 
F.  Edwards,  who  found  that  birds  lost 
in  a  given  time,  by  the  skin  and  lungs, 
six  times  more  weight  in  a  dry  atmo- 
sphere of  59°  F.  than  in  one  of  equal 
temperature  which  was  saturated  with 
moisture.  The  size  of  the  body,  which 
regulates  the  extent  of  evaporating 
surface,  is  also  an  element  requiring 
to  be  taken  into  consideration. 

To  enable  the  reader  better  to  com- 
pare the  excretory  function  of  the  skin 
with  that  of  other  organs,  we  shall  here 
quote  an  interesting  experiment  by 
Professor  Valentin,  who  sought  to  de- 
termine the  proportions  of  waste  mat- 
ter thrown  out  by  the  various  organs  of 
excretion.  In  the  month  of  September, 
when  weighing  about  54  kilogrammes 
(145  lbs.  troy),  and  being  at  the  time 
33]  years  of  age,  he  took,  in  24  hours, 
94,^  oz.  troy  of  solid  and  liquid  food. 
Of  this  quantity  there  passed  off 

By  the  bowels  6^  oz.  troy, 

kidneys  46i| 
skin  and  lungs  40^ 

leaving  to  be  carried  I 

to  next  day's  account  J  * 
The  proportion  of  the  sensible  to  the 
insensible  excretions  was  here  as  1  to 
0'76  ;  but  it  is  evident  that  an  increased 
temperature,  or  additional  exercise, 
by  augmenting  the  action  of  the  skin, 
would  at  once  have  disturbed  the  dif- 
ferent quantities. 

The  cutaneous  exhalation  just  con- 
sidered relates  only  to  the  insensible 
perspiration.  That  which  is  caused  by 
great  heat  or  severe  exorcise  is  evolved 
in  much  greater  quantity,  and  by  ac- 
cumulating at  the  surface  it  becomes 
visible  and  forms  sweat.  In  this  way 
a  robust  man,  engaged  in  hard  labour 
and  exposed  to  intense  heat,  may  lose 
Jive  poMids'  weight  in  the  course  of  an 


hour,  and  this  loss  may  happen  even 
twice  a  day  for  a  length  of  time.* 
When,  on  the  other  hand,  the  surface 
of  the  body  is  chilled  by  cold  during 
inactivity,  the  blood-vessels  of  the  skin 
become  contracted  in  their  diameter, 
and  hinder  the  free  entrance  of  the  red 
particles  of  the  blood,  which  are  there-  ■ 
fore  of  necessity  collected  and  retained  j 
in  greater  quantity  in  the  internal  or-  I 
gans,  where  the  heat  varies  very  little. 
The  skin  consequently  becomes  pale, 
and  its  fibres  contract,  causing  the  hair- 
tubes  to  project  beyond  the  surface,  and 
thus  forming  what  is  called  goose's  skin. 
In  this  state  the  skin  becomes  less  fit 
for  its  uses  ;  the  sense  of  touch  can  no 
longer  nicely  discriminate  the  qualities 
of  bodies,  and  a  cut  or  bruise  may  be 
received  with  comparatively  little  pain. 
From  the  oppression  of  too  much 
blood,  the  internal  parts,  on  the  other 
hand,  work  heavily  :  the  mental  organs 
are  weakened,  sleepiness  is  induced, 
respiration  is  impeded,  the  circulation 
languishes,  and  digestion  ceases  ;  and 
if  the  cold  be  very  intense  it  acts 
directly  with  depressing  eff'ect  upon 
the  nervous  system,  and  the  vital  func- 
tions are  at  last  extinguished  without 
pain,  and  without  a  struggle.!  This 
is  a  picture  of  the  extreme  degree ; 
but  the  same  causes  which,  in  an  as- 
gravated  form, occasion  death, produce, 
when  applied  in  a  mi  nor  degree,  effects 
equally  certain,  although  not  equally 
marked  or  rapid  in  their  appearance. 

The  dift'erence  of  the  amount  of  per- 
spiration under  different  circumstances 
is  clearly  shewn  by  the  following  ob- 
servations of  Valentin  (vol.  i.  p.  (521.) 
This  physiologist,  in  experimenting 
upon  himself,  found  that  when  sitting 
he  lost  hourly  by  cutaneous  exhalation 
32-8  grammes,  or  rather  more  than  an 
ounce  troy.  On  taking  exercise  in 
the  sun  with  an  empty  stomach,  the 
hourly  loss  by  the  skin  increased  to 
89-3  grammes,  or  nearly  3  ounces  ; 
and  after  a  meal  followed  by  violent 

»  Dr  Southwood  Smith's  Philosophy  of 
Health,  vol.  ii.  p.  3. 

t  See  the  noted  case  of  Dr  Solander  in 
Cook's  First  Voyage  ;  Kerr's  Collection  of 
\oyages  and  Travels,  vol.  xii.  p.  400. 
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exercise,  the  temperature  of  the  air 
being  72°  F.,  it  reached  132  7  grammes 
or  about  4J  ounces  per  hour.*  But 
taking  even  the  lowest  estimate  of 
Seguin,  we  find  the  skin  endowed  with 
the  important  function  of  removing 
from  the  system  about  twenty  ounces 
of  waste  matter  every  twenty-four 
hours  ;  and  when  we  consider  that  the 
quantity  is  not  only  great,  but  sent 
forth  in  so  divided  a  state  as  to  be  in- 
visible, and  that  the  whole  of  it  is  in- 
directly given  out  by  the  very  minute 
ramifications  of  the  blood-vessels  which 
supply  the  skin,  we  perceive  at  once 
why  these  vessels  are  so  extremely  nu- 
merous that  a  pin's  point  cannot  touch 
any  spot  without  piercing  them.  We 
see  also  an  ample  reason  why,  indepen- 
dently of  the  debilitating  impression 
made  through  the  medium  of  the  ner- 
vous system,  checked  perspiration 
should  prove  so  detrimental  to  health 
— because,  for  every  twenty-four  hours 
during  which  such  a  state  continues, 
we  must  either  have  a  large  amount 
of  useless  and  now  poisonous  matter 
accumulating  in  the  body,  or  have 
some  of  the  other  organs  of  excretion 
greatly  overtasked  to  get  rid  of  it  by 
other  means.  Besides,  when  the  per- 
spiration is  prevented  from  escaping, 
those  metamorjihoses  of  matter  on 
which  the  continuance  of  life  depends, 
cease  to  be  normally  pei'formed,  and 
this  cannot  happen  without  disturb- 
ance of  other  functions,  and  disorder  of 
the  whole  system.  People  know  the 
fact,  and  wonder  how  it  should  be,  that 
continued  exposure  in  a  cold  damp  day, 
or  cold  applied  to  the  skin  when  the 
body  is  inactive,  often  occasions  a 
bowel-complaint,  a  severe  cold  in  the 
chest,  or  inflammation  of  some  internal 
organ  :  but  were  they  taught,  as  they 
ought  to  be,  the  structure  and  uses  of 
their  bodies,  they  would  rather  won- 
der that  one  of  these  effects  does  not 
invariably,  instead  of  frequently,  fol- 
low such  exposure. 

In  tracing  the  connection  between 
suppressed  perspiration  and  the  pro- 
duction of  individual  diseases,  we  shall 

*  These  numbers  arc  to  be  considered 
merely  as  apjJroxiiDative. 


find  that  those  organs  which  possess 
some  similarity  of  function  sympathize 
most  closely  with  each  other.  Thus 
the  skin,  the  bowels,  the  lungs,  the 
liver,  and  the  kidneys,  sympathize 
readily,  because  they  all  have  the  com- 
mon office  of  throwing  waste  matter 
out  of  the  system,  each  in  a  way  pecu- 
liar to  its  own  structure.  If  the  ex- 
halation from  the  skin,  for  example, 
be  stopped  by  long  exposure  to  cold, 
the  large  quantity  of  waste  matter 
which  it  was  charged  to  throw  out,  and 
which  if  retained  would  be  hurtful  to 
the  system,  will  most  probably  be 
thrown  upon  one  or  other  of  the  above- 
named  organs,  whose  action  will  con- 
sequently be  increased ;  and  if,  from 
constitutional  or  accidental  causes,  any 
of  them  be  already  weaker  than  the  rest, 
as  often  happens,  its  health  will  natu- 
rally be  the  first  to  suffer  from  over- 
excitement.  In  this  way,  the  bowels 
become  irritated  in  one  individual,  and 
bowel-complaints  ensue  ;  while  in  an- 
other it  is  the  kidneys,  and  in  a  third 
the  lungs,  which  become  disordered. 
AV'hen,  on  the  other  hand,  all  these  or- 
gans are  in  a  state  of  vigorous  health, 
a  temporary  increase  of  function  may 
take  place  in  them  and  relieve  the 
system,  without  leading  to  any  local 
derangement — and  may  continue  till 
the  skin  have  time  to  resume  its  wonted 
activity. 

The  cutaneous  exhalation  may  be 
said  to  be  of  compound  origin,  since 
it  results  partly  from  the  various  vital 
changes  which  are  constantly  going  on 
in  the  system,  and  partly  from  purely 
physical  causes.  Thus  the  perspiratory 
action  which  follows  on  exercise  is  a 
vital  process  which  accompanies  the  in- 
creased chemico-vital  metamorphoses 
of  matter  in  the  organism,  while  that 
which  ensues  on  drinking  large  quan- 
tities of  hot  fluids  may  be  said  to  be 
almost  entirely  physical.  This  was  the 
case,  for  instance,  in  an  experiment 
reported  by  Krause,  who  mentions 
that  when  a  large  quantity  of  warm 
water  was  injected  into  the  veins  of  a 
horse,  a  copious  perspiration  soon  fol- 
lowed. It  is  this  physical  part  of  the 
function  ofperspiration  which  isrcadily 
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undertaken  by  other  organs  when  the 
action  of  the  skin  is  checked,  find  to 
which  is  owing  the  increase  of  their 
excretions  then  observed  to  take  place. 

One  of  the  most  obvious  illustrations 
of  this  reciprocity  of  action  of  the 
various  organs  is  afforded  by  any  con- 
vivial company  seated  in  a  warm  room 
in  a  cold  evening.    The  heat  of  the 
room,  the  food  and  wine,  and  the  ex- 
citement of  the  moment,  stimulate  the 
skin,  cause  an  afflux  of  blood  to  the 
surface,  and  increase  in  a  high  degree 
the  flow  of  the  insensible  perspiration  ; 
which  thus,  while  the  heat  continues, 
carries  off  an  undue  share  of  the  fluids 
of  the  body,  and  leaves  the  kidneys 
comjiaratively  at  rest.    ]>ut  the  mo- 
ment the  company  goes  into  the  cold 
external  air,  a  sudden  reversal  of  ope- 
rations takes  place  ;  the  cold  chills  the 
surface,  stops  the  perspiration,  and 
directs  the  current  of  the  blood  towards 
the  internal  organs,  which  presently 
become  excited — and,  under  this  exci- 
tation, the  kidneys,  for  example,  will 
in  a  few  minutes  secrete  as  much  of 
their  peculiar  fluid  as  they  did  in  as 
many  of  the  preceding  hours.  But 
tlie  esfcntial  and  vital  part  of  the  func- 
tion of  an  organ  cannot  so  readily 
be  thus  transferred,  and  seldom  takes 
place  except  in  cases  of  actual  disease. 
We  are  not  therefore  surjirised  to  be 
told  by  Lehmann,  as  the  result  of  his 
numerous  experiments,  that  he  found 
the  quantity  of  solid  matter  contained 
in  his  urine  no  greater  in  winter  than 
in  summer,  although  during  the  latter 
season  its  quantity  was  much  less, 
owing  to  the  increased  action  of  the 
skin.*    The  case  however  is  different 
when  the  vital  action  of  an  organ  is 
disturbed.    When  this  is  the  case  with 
the  skin,  disease  of  some  internal  or- 
gan follows  as  an  unavoidable  conse- 
quence,  and  the    secretions   of  the 
affected  organ  are  altered  in  quality 
as  well  as  in  quantity.    The  reverse 
of  this,  again,  is  common  in  diseases 
obstructing  the  secretions  of  internal 
organs  ;  for  the  persjiiration  then  un- 
dergoes a  change,  and  is  tinged  with 

*  Lelirbuch  der  Physiologischen  Chemie, 
2d  edition,  vol.  i.,  p.  L'lS. 


bile,  or  acquires  a  urinary  smell,  ac-  ; 
cording  as  the  liver  or  kiduevs  are 
affected.  | 
Since  the  publication  of  the  earlier  | 
editions  of  the  present  work,  the  at-  ! 
tention  of  the  profession  has  been  ; 
strongly  directed  to  the  influence  of  j 
cold  in  exciting  disease  in  the  kidnej-s 
as  a  consequence  of  suppressed  perspi-  | 
ration,  especially  in  persons  of  an  un-  i 
healthy  constitution.  To  Dr  Bright  be- 
longs the  honour  of  having  detected  the 
unsuspected  frequency  and  \  ery  serious 
and  often  fatal  nature  of  the  disease 
alluded  to,  which  is  now  generally 
known  by  the  name  of  Bright\'i  Disease, 
or  (Jranidar  defeneration  of  the  kidney/. 
In  Dr  Osborne"s  excellent  little  work 
on  the  subject,  it  is  expressly  stated, 
that,  "  on  reviewinff  the  causes  of  the 
disease  in  thirtn-six  cases,  in  tiventy-two 
individuals  it  could  le  directly  referred 
to  mpjyrcsfed  perfjiiration.""  *    Dr  Os- 
borne explains  this  result  by  saying, 
that  "  when  cold  is  a^jplied  over  the 
whole  surface  in  a  continuous  manner 
for  some  tiuie,  and  no  inflammation  or 
general  fever  lias  resulted,  tlien  an  in- 
creased secretion  fi-om  tlic  kidneys  is 
usually  observed  ;   and  the  necessity 
of  frequent  evacuations  of  the  bladder 
during  the  frosts  of  winter,  has  be- 
come proverbial  and  is  familiar  to 
every  one.    When  the  suppression  of 
perspiration,  however,  instead  of  be- 
ing transient,  is  rendered  permanent, 
then  permanent  irritation  of  the  kid- 
neys is  produced,  and,  in  the  great 
majority  of  cases,  the  result  is  the 
disease  of  the  kidneys  now  before  us." 
Dr  Christison,  in  like  manner,  admits 
the  frequency  of  cold  as  the  exciting 
cause,  and  makes  the  remarkable  state- 
ment that,  "  where  cold  was  not  the 
apparent  cause,  I  have  never  met  with 
an  instance  where  tlcc  patient  could  as- 
cribe his  illness  to  any  thinfj  else."  f  Dr 
Prout  likewise  has  called  attention  to 
the  influence  of  a  cold  moist  atmo- 
sphere in  producing  renal  disease,  and 
he  is  of  opinion  that  a  predisposition 


*  Osborne  on  Dropsies,  2d  edition,  p.  31. 
Loni'.on,  18:j7. 

t  Christison  on  Granular  DcRenei-ation 
of  the  Ki<hu  js,  p.  108.   Edinburgh,  184  0. 
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to  diabetes  is  often  ncquirod  by  re- 
siding in  a  (lamp  maliii'ious  district. 
Disordered  action  of  tlie  kidneys,  on 
the  other  hand,  is  freqriently  attended 
by  a  dry,  harsh,  irritable  skin,  and 
a  tendency  to  cutaneous  eruptions ; 
clearly  indicating  that  the  skin  and 
kidneys  stand  in  sympathetic  rela- 
tion to  each  otlier,  imperfect  action 
of  the  oae  impairing  the  functions  of 
the  other. 

The  accuracy  of  the  foregoinjjt  re- 
j   marks  has  been  strikingly  confirmed 

I  by  Eourcnult"s  recent  experiments  on 
i   living  animals.   On  coating  the  shaven 
;   skin  of  dogs  w  ith  varnish  so  as  to  en- 
tirely prevent  perspiration,  he  found 

'  that  the  urine  became  albuminous  as 
soon  as  symptoms  of  suffering  and 
difficulty  of  breathing  appeared,  and 
that  the  kidneys  generally  resumed 
their  healthy  action  when  the  coating 
of  varnish  was  removed.* 

The  very  frequent  occurrence  of 
bronchitis  and  diarrhcea  (tlie  former 
an  inflannnatory  aflection  of  tiie  lining 

jl  membrane  of  the  lungs,  and  the  latter 

I I  of  that  of  the  bowels)  along  with 
jj  disease  of  the  kidneys,  affords  an  in- 

:  teresting  corroboration  of  what  has 
i  already  been  stated  in  explanation  of 
,  i  the  sympathy  of  the  excreting  organs 
ji  with  cach  other.  In  eighteen  out  of 
!|  thirty-six  cases,  Dr  Osborne  found 
j  bronchitis  co-existing  with  the  affec- 
j  tion  of  the  kidneys,  and  in  eleven 
!  some  form  of  intestinal  disease.  He 
]  justly  considers,  that  "  the  co-existence 
i  of  these  affections  with  the  disease  in 
I  question  is  best  explained  by  this  cir- 
!  cumstance — that  t/iey  arc  all  the  effect 
of  tlie  one  cause,  namelii,  nuppreised 
perspiration." 

AVhen  the  lungs  are  weak,  and  their 
I  lining  membrane  is  habitually  relaxed, 
[  and  secretes  an  unusual  amount  of 
!  mw7is  or  phlegm  from  its  surface,  as 
often  hapj)ens  in  persons  of  an  indo- 
I  lent  lymphatic  constitution,  the  mass 
of  blood  thrown  inwards  upon  the 
lung^  by  cold  applied  to  the  skin  in- 
creases that  secretion  to  a  high  degree. 
Were  this  phlegm  to  accumulate,  it 

*  Causes  Genorales  tics  Maladies  Chro- 
niques.    P:ii-is,  1844. 


would  soon  fill  up  the  air-cells  of  the  j 
lungs,  and  cause  suffocation  ;  but  to  ( 
obviate  such  danger,  the  Creator  has  I 
so  constituted  the  chest,  tliat  accuniu-  j 
lated  mucus  or  any  foreign  body  coin- 
ing in  contact  with  the  lungs  excites 
the  convulsive  effort  called  coughiiifr, 
by  wliich  a  violent  and  rapid  expira- 
tion takes  place,  with  a  force  sutHcient 
to  hurry  the  mucus  or  other  foreign  ■ 
body  along  with  it;  just  as  peas  are  j 
discharged  by  boys  with  much  force  | 
through  short  tubes  by  a  sudden  effort 
of  blowing.    Thus,  especially  in  indo- 
lent old  Indian  officers,  and  others  w'ho  I 
have  lived  long  in  a  warm  climate,  a 
check  given  to  perspiration,  by  dimin- 
ishing the  quantity  of  blood  previously  j 
circulating  on  the  surface,  naturally  ' 
leads  very  often  to  increased  oxpec-  i 
toration  and  cough,  or,  in  other  words,  | 
to  chronic  catarrh.  | 
As  already  noticed,  and  as  we  shall  | 
afterwards  more  fully  see,  the  lungs 
excrete  a  large  j)roportion  of  waste  | 
materials  from  the  system ;  and  the  ! 
kidneys,  the  liver,  and  tlie  bowels,  '< 
have  in  so  far  a  similar  office.  In 
consequence  of  this  alliance  with  the  | 
skin,  these  parts  are  more  intimately  | 
connected  with  each  other  in  healthy  j 
and  diseased  action  than  with  otlier  j 
organs.    But  it  is  a  general  law^,  that  | 
whenever  an  organ  is  unusually  deli- 
cate, it  will  be  more  easily  affected  by 
any  cause  of  disease  than  one  wdiicli  is 
sound  :  so  that,  if  the  nervous  system, 
for  example,  be  weaker  than  other 
parts,  a  chill  will  be  more  likely  to 
disturb  its  health  than  that  of  the 
lungs,  which  are  supposed,  in  this  in-  | 
stance,  to  be  constitutionally  stronger ;  I 
or,  if  the  muscular  and  fibrous  struc-  j 
tures  be  unusually  susceptible  of  dis- 
turbance, cither  fi'om  previous  illness 
or  from  natural  predisposition,  tlieij 
will  be  the  first  to  suffer,  and  rheuma- 
tism will  ensue ;  and  so  on.  Hence 
the  utility  to  the  physician  of  an  inti- 
mate acquaintance  with  the  previous 
habits  and  constitutions  of  his  patients, 
and  the  advantage  of  adapting  the 
remedies  to  the  nature  of  the  cause, 
when  it  can  be  discovered,  as  well  as 
to  the  disease  itself.   Thus,  in  Brighfs 
disease,  which  so  often  proceeds  from  j 
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checked  perspiration, Dr  Osborne  men- 
tions, that  whenever  he  succeeded  iu 
restoring  perspiration  over  the  whole 
surface,  he  never  failed  to  remove  the 
general  drojisy  by  which  the  affection 
of  the  kidneys  is  accompanied.  In  like 
manner,  a  bowel-complaint  may  arise 
from  a  check  to  perspiration  or  from 
over-eating;  but  although  the  thing 
to  be  cured  is  apparently  the  same, 
the  means  of  cure  ought  obviously  to 
be  different.  In  the  one  instance,  an 
emetic  or  laxative  to  carry  off  the 
offending  cause,  and  in  the  other  a 
diaphoretic  to  open  the  skin,  will  be 
the  most  rational  and  efficacious  re- 
medies. Facts  like  these  expose  in  a 
strong  light  the  ignorance  and  effron- 
tery of  the  quack,  who  affirms  that  his 
one  remedy  will  cure  every  form  of 
disease.  Were  the  public  not  as  ig- 
norant as  himself,  their  credulity 
would  cease  to  afford  to  his  presump- 
tion the  rich  field  in  which  it  now 
revels. 

The  close  sympathy  between  the 
skin  and  the  stomach  and  bowels  has 
often  been  observed ;  and,  during  epi- 
demic influenza,  it  is  not  uncommon 
for  persons  of  weak  digestion  to  suffer 
as  much  from  an  affection  of  the  sto- 
mach as  others  do  from  that  of  the 
chest.  In  both  instances,  there  is  the 
same  depressing  sense  of  debility  and 
illness  without  any  violent  local  disease 
by  which  it  can  be  accounted  for,  and 
in  both  tliere  is  often  the  same  slow 
recovery.  It  is  well  understood,  too, 
that  several  of  the  obstinate  eruptions 
which  aiJjjear  on  the  face  and  other 
parts  of  the  surface,  owe  their  origin 
to  disorders  of  the  digestive  organs, 
and  are  most  successfully  cured  by 
treatment  directed  to  the  internal 
disease.  Even  among  the  lower  ani- 
mals, the  symjjathy  between  the  two 
is  so  marked  as  to  have  arrested  at- 
tention. Thus,  in  speaking  of  the 
horse,  Delabere  Blaine  says :  "  By  a 
well-known  consent  of  parts  between 
the  skin  and  alimentary  canal,  .  .  .  . 
it  follows,  iu  almost  every  instance,  that 
when  one  of  these  becomes  affected, 
the  other  takes  on  a  sympathetic  de- 
rangement also,  and  the  condition  is 
then  Tiiorbid  throuirhont.    Frnni  close 


observation  and  the  accumulation  of 
numerous  facts,  I  am  disposed  to  think, 
that  so  perfect  is  this  sympathetic 
consent  between  these  two  distant 
parts  or  organs,  that  they  change  the 
order  of  attack  as  circumstances  occur. 
Thus,  when  the  skin  is  primarily  af- 
fected, the  stomach  becomes  second- 
arily so,  and  vice  versa;"  so  that  "  a 
sudden  check  to  the  natural  or  acquired 
heat  of  the  body,  particularly  if  ag- 
gravated by  the  evaporation  of  a  per- 
spiring state,"  as  often  brings  on  dis- 
ease of  some  internal  organ,  as  if  the 
cause  were  applied  directly  to  the 
organ  itself.* 

It  is  accordingly  well  known  that 
inaction  of  the  skin  is  one  of  the  most 
frequent  accompaniments  of  dyspepsia, 
and  that  the  restoration  of  its  healthy 
condition  is  often  the  first  sure  indi- 
cation of  tlie  approaching  removal  of 
the  digestive  derangement.  The  per-  j 
spiration,  as  we  shall  afterwards  see,  j 
contains  a  certain  amount  of  lactic  i 
acid,  one  of  the  products  of  the  che- 
mical metamorphoses  whicli  take  place 
in  tlie  organism.  But  lactic  acid 
is  the  active  acid  constituent  of  the 
gastric  juice,  or  solvent  fluid  of  the 
stomach.  In  excess,  however,  as  has 
been  shewn  by  Schwann,  it  impedes 
solution  of  the  food ;  consequently, 
when  from  inaction  of  the  skin  a  due 
amount  of  lactic  acid  is  not  elimi- 
nated by  the  surface  of  the  body,  it  is 
secreted  in  excessive  quantity  by  the 
mucous  membranes,  and  its  presence 
in  the  stomach  thus  gives  rise  to  aci- 
dity and  disordered  digestion.  This 
is  the  reason  why  exercise,  by  increas- 
ing the  cutaneous  e.xcretion  of  lactic 
acid,  is  so  signally  beneficial  in  some, 
forms  of  dyspepsia. 

Another  consequence  of  the  sym- 
pathy and  reciprocity  of  action  be- 
tween the  skin  and  the  internal  organs 
is,  that  burns,  and  even  scalds  of  no 
very  great  extent,  prove  fatal,  by  in- 
ducing internal  inflammation,  gene- 
rally of  the  intestines.  By  disordering 
or  disorganizing  a  large  nervous  and 
exhaling  surface,  an  extensive  burn 

*  Blaine's  Outlines  of  the  Veterinary 
Art,  Oil  tclitioii,  ]T.  Co. 
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caases  not  only  a  violent  nervous  com- 
motion, but  a  continued  partial  sus- 
pension of  an  important  excretion  ; 
and,  when  death  ensues  at  some  dis- 
tance of  time,  it  is  almost  always  in 
consequence  of  inflammation  being  ex- 
cited in  the  bowels  or  sympathizing 
organ.  So  intimate,  indeed,  is  this 
connection,  that  some  surgeons  of 
great  experience,  such  as  the  late 
Baron  Diipuytren  of  the  Hotel  Dieu, 
while  they  point  to  internal  inflam- 
mation as  in  such  cases  the  general 
cause  of  death,  doubt  if  recovery  ever 
takes  place  w  hen  more  than  one-eighth 
of  the  surface  of  the  body  is  severely 
burnt.  And  whether  this  estimate  be 
correct  or  not,  the  facts  fronj  which  it 
is  drawn  clearly  demonstrate  the  im- 
portance of  the  relation  subsisting  be- 
tween the  skin  and  the  other  excreting 
organs. 

Some  of  Fourcault's  experiments 
bear  dii-ectly  on  this  point,  lie  found, 
for  instance,  that  when  the  cutaneous 
function  was  mechanically  suppressed 
by  the  application  of  varnish,  death 
followed,  in  some  instances  in  a  few 
hours,  but  generally  in  one,  two,  or 
three  days,  with  symptoms  which 
varied  according  to  the  nature  of  the 
animal  experimented  upon.  In  all, 
the  quality  of  the  blood  was  altered, 
the  secretions  from  the  mucous  mem- 
branes were  increased,  and  there  was 
eflFusion  of  fluid  into  the  serous  sacs. 
Other  experiments,  in  which  the  skin 
was  taken  off,  and  again  applied  to 
the  body,  support  the  view  that  the 
insensible  perspiration  is  in  a  great 
measure  simple  transudation,  as  the 
animals  continued  not  only  to  live  in 
this  condition,  but  even  to  be  lively, 
till  they  were  destroyed  by  the  inflam- 
mation and  supjiuration  which  finally 
ensued. 

In  some  constitutions,  a  singular 
enough  sympathy  exists  between  the 
skin  and  the  bowels.  Dr  A.  T. 
Thomson,  in  his  work  on  Materia 
Medica  (p.  42),  mentions  that  he  is 
acquainted  with  a  clergyman  who 
cannot  bear  the  skin  to  be  sponged 
with  A'inegar  and  water,  or  any  dilu- 
ted acid,  without  suffering  spasm  and 
violent  griping  of  the  bowels.  The 
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reverse  operation  of  this  sympathy  is 
exemplified  in  the  frequent  production 
of  nettle-rash  and  other  eruptions  on 
the  skin,  by  shell-fish  and  other  sub- 
stances taken  into  the  stomach.  Dr 
Thomson  tells  us,  that  the  late  Dr 
Gregory  could  not  eat  the  smallest 
portion  of  the  white  of  an  egg,  with- 
out experiencing  an  attack  of  an  erup- 
tion like  nettle-rash.  According  to 
the  same  author,  even  strawberries 
have  been  known  to  cause  fainting, 
followed  by  a  petechial  efflorescence 
of  the  skin. 

We  have>  seen  that  the  insensible 
perspiration  removes  from  the  system, 
without  our  consciousness,  a  large 
quantity  of  useless  materials,  and  at 
the  same  time  keeps  the  skin  soft  and 
moist,  thus  fitting  it  for  the  perform- 
ance of  its  functions  as  the  organ  of 
an  external  sense.  In  addition  to 
these  purposes,  the  Creator  has,  in  his 
omniscience  and  foresight,  and  with 
that  regard  to  simplicity  of  means 
which  betokens  a  profoundness  of 
thought  inconceivable  to  us,  super- 
added another,  scarcely  less  import- 
ant ;  namely,  the  proper  regulation 
of  the  bodihj  heat.  It  is  well  known 
that,  in  the  polar  regions  and  in  the 
torrid  zone,  under  every  variety  of 
circumstances,  the  human  body  re- 
tains nearly  the  same  temperature, 
however  different  may  be  that  of  the 
air  by  which  it  is  surrounded.  This 
is  a  property  peculiar  to  life ;  even 
vegetables  having  a  power  of  modi- 
fying their  own  temperature,  though 
in  a  much  more  limited  degree. 
Without  this  power  of  adaptation, 
it  is  obvious  that  man  must  have 
been  chained  for  life  to  the  climate 
which  gave  him  birth,  and  even  then 
have  suffered  constantly  from  the 
change  of  seasons ;  whereas,  by  pos- 
sessing it,  he  can  retain  life  in  a  tem- 
perature sufliciently  cold  to  freeze 
mercury,  and  for  a  time  sustain,  un- 
harmed, a  heat  more  than  sufficient  to 
boil  water,  or  even  to  bake  meat. 
Witness  the  wintering  of  Parry  and 
Ross  and  their  companions  in  the 
Polar  Regions  ;  and  the  experiments 
of  Blagden,  Sir  Joseph  Banks,  and 
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others,  who  remained  for  many  minutes 
in  a  room  heated  to  260°,  or  about  50° 
above  the  temperature  of  boiling 
water.  The  chief  af:,'ents  in  tliis  won- 
derful adaptation  of  man  to  his  exter- 
nal situation,  are  undoubtedly  the  skin 
and  the  lungs,  in  both  of  wliich  the 
power  is  intimately  connected  with 
the  condition  of  their  respective  exha- 
lations. But  it  is  of  the  sliin  alone,  as 
an  agent  in  reducing  animal  heat, 
that  wp  are  at  present  to  speak. 

Tlic  heat  of  the  human  body  being 
about  9b°,  or  at  an  average  30°  or  40° 
above  that  of  the  surrounding  atmo- 
sphere in  temi^erate  climates,  it  follows 
that  heat  must  be  constantly  generated 
to  supply  the  continual  loss  occasioned 
by  the  contact  of  the  colder  air  in 
which  we  live.  The  source  of  this 
supply  lies  in  the  various  changes  of 
chemical  composition  which  are  inces- 
santly taking  ])lace  within  the  body, 
and  the  chief  external  manifestation 
of  which  is  the  absorption  of  oxygen 
and  disengagement  of  carbonic  acid 
during  the  process  of  respiration. 
Under  ordinary  circumstances,  and  in 
a  temperate  atmospliere,  no  more  heat 
is  produced  tlian  is  readily  carried  ofi' 
by  the  insensible  exhalation  from  the 
skin  and  lungs,  and  by  the  contact  of 
the  colder  air.  But  when  the  system 
is  excited  bv  active  exercise,  or  by 
the  stimulus  of  the  passions,  the  de- 
velopment of  heat  is  greatly  increased, 
because  with  increas-ed  action  there  is 
likewise  increased  consumption  of 
material,  and  the  temperature  of  the 
body  would  in  consequence  soon  rise 
to  such  a  height  as  seriously  to  derange 
the  functions  were  no  special  provision 
made  for  its  proper  regulation.  This 
is  effected  by  the  skin  and  lungs  boins 
excited  to  iiighfir  action  ;  by  the  latter 
sending  out  the  respired  air  loaded 
with  vapour,  and  the  former  exhaling 
its  fluid  so  rapidly  as  to  form  sweat. 
Incold  countries, and  in  frosty  weather, 
the  exhalation  from  the  skin  is  reduced 
to  a  very  moderate  amount,  the  su- 
perabundant heat  being  rapidly  car- 
ried off  by  the  cooler  air  in  contact 
with  the  body;  while  in  warm  climates, 
where  the  heat  is  not  rapidly  carried 
■  off  in  this  way,  the  surface  is  con- 


stantly bedewed  with  perspiration,  I 
and  a  corresponding  appetite  exists  | 
for  liquids  by  which  the  perspiration 
and  evaporation  may  bo  kept  up  to  a 
sufficient  degree.  Every  one  must 
have  experienced  the  grateful  effects 
of  this  provision,  in  j)assing  from  the 
dry,  restless,  and  burning  iieat,  like 
that  of  fever,  to  the  soft  and  pl(>asant 
coolness  which  follows  the  breaking 
out  of  the  sweat. 

Attention  to  the  order  of  events 
which  occurs  when  a  person  is  exposed 
to  a  warm  air,  or  engaged  in  severe 
exercise,  affords  the  requisite  know- 
ledge of  the  means  emjjloyed  for  car- 
rying off  the  heat.    At  first,  the  body 
is  felt  to  be  actually  warmer,  the  skin 
becomes  dry  and  hot,  and  the  unplea- 
sant sensation  of  heat  is  soon  at  its 
maximum.    By-and-by,  a  slight  mois- 
ture is  perceived  on  the  S'arface,  fol- 
lowed by  an  immediate  increase  of 
comfort.      Shortly   afterwards,  this 
moisture  passes  into  free  and  copious 
perspiration  ;  and  if  the  heat  or  exer- 
tion is  still  kept  up,  the  sweat  becomes  } 
profuse  and  drops  fi'om  the  body  or  j 
wets  the  clothes  which  arc  in  contact 
with  it.    A  decrease  of  animal  heat 
unavoidably  accompanies    this ;  be- 
cause, independently  of  any  diminu- 
tion of  vital  action  contributing  to  the 
effect,  as  is  most  probable,  the  mere 
evaporation  of  so  much  tluid  is  itself 
sufficient  to  carry  off  a  large  quan- 
tity of  caloric.    The  curious  experi- 
ments of  Edwards  tend  to  shew  that  I 
evaporation  is  in  fact  the  only  means  ' 
required  for  reducing  animal  heat  to 
its  proper  degree  ;   but  the  results 
obtained  by  him  require  to  be  con- 
firmed, and  the  experiments  varied 
and  carried  farther,  before  the  inquiry 
can  be  considered  as  complete.  The 
sagacity  of  Dr  Franklin  led  him  to 
the  first  discovery  of  the  use  of  per- 
spiration ill  reducing  the  heat  of  the 
biidy,  and  to  point  out  the  analogy 
between  this  process  and  that  of  the 
evaporation  of  water  from  a  rough  po- 
rous surface,  so  constantly  resorted  to 
in  the  East  and  West  Indies,  and  other 
warm  countries,  for  reducing  the  tem- 
perature of  the  air  in  rooms,  and  of 
wine  and  other  drinks,  much  below 
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that  of  the  surrounding  atmosphere. 
The  quantity  of  fluid  evaporated  from 
the  skin  during  profuse  sweat,  so  far 
exceeds  that  given  out  during  the 
highest  insensible  perspiration,  that, 
as  already  seen  on  page  32,  five  pounds 
I  in  weight  have  been  lost  by  this  means 
in  a  single  hour — an  amount  evi- 
I  dently   sufficient   to   carry   off  the 
largest  quantity  of  superfluous  animal 
!  heat  which  can  ever  be  present.  In 
the  performance  of  this  function,  the 

i     skin  is,  indeed,  assisted  by  the  exhala- 

.  I  tion  from  the  lungs;  but  as  both  act 
on  the  same  principle,  the  explanation 
is  not  affected  by  this  circumstance. 
;  In  the  human  body  the  exhalation 
'  from  thft  lungs  is,  as  a  general  rule, 
about  half  of  that  from  the  skin  ;  but 
in  some  animals  the  exhalation  from 
the  lungs  is  probably  the  greater  of 

.  I  the  two.  Thus,  in  very  warm  weather, 
the  dog,  even  when  at  perfect  rest,  is 
always  seen  with  hurried  and  panting 
respiration,  and  with  its  tongue  pro- 
truded from  its  mouth  and  copiously 
covered  with  froth.    As  the  skin  of 

J,  the  dog  exhales  comparatively  little, 
tJiis  hurried  breathing  is  necessary  to 
keep  down  the  temperature  by  in- 
creasing theexhalationfrom  the  lungs; 
and  the  exposure  of  the  tongue  contri- 
butes not  a  little  to  the  same  end  by 
presenting  a  considerable  extent  of 
moist  evaporating  surface."'- 

Eut  the  experiments  of  Fourcault 
seem  to  indicate  that  the  skin,  besides 
having  the  function  of  regulaliwj  the 
heat  of  the  body,  is  connected  also 
with  the  pi'ocess  of  developing  it.  In 
repeating  these  experiments,  jMM. 
Breschctand  Bequerel  expected  to  find 

'i  I  that,  when  an  impermeable  coat  of 
varnish  was  applied  to  the  skin  of  an 

■  !  animal,  its  temperature  would  rise,  as 

'  •  111  support  of  those  remarks,  wo  may 
cite  the  observation  of  Professor  Gurlt,  wlio 
has  shown  that  the  perspiratory  glands  of 

:;      the  dog  are  extremely  minute  ;ind  very 

\[t  difKcult  of  discovery, — whence  it  is  rare  to 
see  a  dog  sweating.    Still  the  action  of  the 

J  skin  is  here  of  vital  import.ince,  as  the  ani- 
mal dies  when  an  impermeable  coating  of 
'  varnish  is  applied  to  It.  This  result  gives 
j  additional  support  to  the  opinion  expresseil 
in  the  text,  that  the  iiisoisible  perspiration  is 
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superfluous  heat  would  cease  to  be 
carried  off  by  evaporation.   They  were 
surprised  to  find  that,  on  the  contrary, 
the  temperature  of  the  body  fell  with 
great  rapidity.    As  already  observed, 
the  animal  heat  is  sustained  by  the 
changes  of  chemical  comjiosition  which 
are   incessantly  taking  place  in  the 
body,  aud  which  cannot  cease  without 
the  extinction  of  life.    The  perspira- 
tion, at  least  in  part,  is  one  of  the 
waste  products  of  these  transforma- 
tions of  matter,  and,  consequently,  if 
its  escape  be  prevented,  the  metamor- 
phoses can  no  longer  proceed,  and  the 
source  of  heat  is  thus  cut  off.  When 
the  coating  of  varnish  is  speedily  ajj- 
plied,  and  is  completely  impervious, 
the  cause  of  death  seems  to  he  a  true  as- 
phyxia.   Tlie  respiration  of  the  animal 
becomes  laboured  and  diflicult  ;  it 
makes  deep  inspirations  to  procure  ad- 
ditional oxygen,  and  death  isfrequently 
accompanied  by  violent  convulsions. 
After  death,  the  lungs  and  capillary 
blood-vessels    are    generally  found 
gorged  with  dark  venous  blood,  thus 
presenting   appearances    similar  to 
those  produced  by  suffocation.  M. 
Fourcault  made  the  curious  observa- 
tion, that  when  one  half  of  the  body  is 
covered  with  varnish,  and  the  other 
left  in  its  natural  state,  the  capillary 
blood-vessels  of  tlie  skin  of  the  var- 
nished  side  become  distended  with 
dark  fluid  blood,  while  those  of  the 
other  side  retain  their  natural  charac- 
ter.   Should  this  remarkable  observa- 
tion be  confirmed,  an  explanation  of  the 
jihenoraenon  will  probably  be  found, 
not  in  the  obstacle  which  the  coat  of 
varnish  presents  to  the  oxygenation  of 
tlie  blood  of  the  side  from  which  it 
excludes  the  air,  but  in  the  impedi- 
ment, consequent  on  suppression  of  the 

to  a  great  extent  mere  transudation,  and  that 
sweat  or  sensible  perspiration  is  the  effect 
of  the  action  of  the  pcrspiiritory  glands. 
In  the  dog,  liowever,  these  glands  are  vci-y 
large  in  tlie  soles  of  the  feet— exceeding  in 
si/.e  tliose  of  the  palm  of  the  hand  in  man  ; 
and  hence  Piofessor  Gurlt  is  of  opinion 
that  they  secrete  in  considerable  quantity 
an  odorous  fluid,  by  which  one  dog  recog- 
nises the  traces  of  aiiotlitr.  See  Miiller's 
Archiv,  1835. 
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perspiration,  to  the  due  performance 
of  the  chemical  transformations  which 
are  essential  to  the  continuance  of  life. 
The  subject  may  be  illustrated  by 
what  occurs  in  the  combustion  of  in- 
flammable substances.  When  a  free 
escape  is  not  allowed  to  the  carbonic 
acid  and  water  which  result  from  the 
combustion  of  gas  or  oil,  the  process 
of  combustion  is  impeded  or  altogether 
stopped.  The  two  cases  are  precisely 
analogous.  A  free  supply  of  oxygen 
to  the  lamp  or  to  the  lungs  is  in- 
capable of  supporting  combustion  on 
the  one  hand,  or  life  on  the  other, 
unless  the  products  of  the  chemical 
changes  which  occur  be  allowed  to 
escape.  When,  however,  the  trans- 
formations are  normally  performed, 
the  temperature  of  the  body  is  un- 
doubtedly regulated  by  evaporation 
from  the  surface.  It  is  a  matter  of 
daily  observation  that  whatever  stimu- 
lates the  transformations,  at  the  same 
time  increases,  within  certain  limits, 
the  animal  heat.  Thus  exercise,  by  in- 
creasing waste,  generates  a  propor- 
tionally increased  quantity  of  caloric. 
But  one  of  the  waste  pi-oducts  is  water, 
which,  by  evaporating  from  the  sur- 
face, carries  off  the  superfluous  caloric, 
and  thus  keeps  the  body  at  a  uniform 
temperature. 

Bearing  in  mind  the  preceding  ex- 
planation of  the  functions  of  the  skin, 
the  reader  will  peruse  with  interest 
the  following  remarks  from  Dr  Thom- 
son's work  formerly  quoted.  '•'  Dr 
Davy,  in  his  Travels  in  Ceylon,  states, 
from  his  personal  observation,  that  on 
first  landing  in  a  tropical  climate,  the 
standard  heat  of  the  body  of  a  Euro- 
pean is  raised  two  or  three  degrees, 
and  febrile  symptoms  occur,  which  re- 
quire temperance,  the  avoiding  every 
cause  of  excitement  of  the  vascular 
system,  and  the  use  of  aperient  medi- 
cines. All  authors,  and  indeed  every 
observing  person  who  has  visited  the 
torrid  zone,  agree  that  with  the  lan- 
guor and  exhaustion  resulting  from 
the  high  temperature  of  the  atmo- 
sphere, there  is  a  greatly  increased 
mobility  of  the  nervous  system.  The 
action  of  the,  cutaneous  vessels  amounts 
to  disease,  and  produces  that  eczemat- 


ous  or  vesicular  eruption  of  the  skin, 
known  by  the  name  of  prickly  heat, 
which  occurs  in  Europeans  who  visit 
the  West  Indies  on  their  first  landing. 
On  the  other  hand,  this  function  of  the 
skin  is  so  much  weakened,  almost 
paralyzed,  when  the  climate  from 
which  a  jiersoa  is  passing  is  dry  and 
bracing,  and  that  into  which  he  has 
passed  is  humid  and  relaxing,  that 
congestions  of  blood  take  place  in  the 
larger  vessels,  the  body  becomes  sus- 
ceptible of  the  least  impressions  of 
marshy  exhalations,  and  agues  and  si- 
milar diseases  arc  produced."* 

Sir  James  Clark  has  shewn  that  this 
unsuspected  state  of  congestion  often 
precedes  the  active  appearance  of  jiul- 
monary  and  digestive  disease,  and  is  in 
truth  the  chief  cause  of  the  intracta- 
bility of  many  apparently  slight,  but  in 
reality  very  serious  attacks — serious,  at 
least,  when  their  true  origin  has  been 
overlooked  till  too  late  to  be  reme- 
died. Many  so-called  severe  colds  from 
slight  causes  owe  their  whole  severity 
to  previously  unnoticed  congestion, 
consequent  on  an  unhealthy  state  of 
the  skin.  From  this  explanation  it 
will  be  evident  why  in  summer  w^e 
suffer  most  from  heat  in  Avhat  is  called 
moist  close  weather,  when  no  air  is 
stirring;  and  why  warm  climates  that 
are  at  the  same  time  moist,  are  pro- 
verbially the  most  unwholesome.  The 
chief  reason  is  the  diminished  evapo- 
ration from  the  skin,  which  such  a 
condition  of  the  atmosphere  produces, 
partially  obstructing  the  natural  outlet 
of  the  superfluous  heat  of  the  body  ; 
and  as  it  at  the  same  time  checks  the 
exit  of  the  waste  matter  resulting 
from  the  metamorphoses  of  the  tissues, 
and  thereby  produces  effects  most  in- 
jurious to  the  system,  the  hurtful  con- 
sequences of  such  weather  and  cli- 
mates, and  the  fevers,  dysenteries,  and 
colds,  to  which  they  give  rise,  are 
partly  accounted  for. 

In  the  month  of  June  1845  cholera 
broke  out  with  great  violence  at 
Kurrachee,  destroying  about  a  tenth 
part  of  the  population,  including 
726   European  and   native  soldiers, 

*  Thomson's  Materia  Medica,  p.  66. 
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in  sixteen  days.    "  The  climate  dur- 
ing the  weeks  preceding  the  appear- 
ance of  tlie  disease  among  the  troops 
was  characterised  by  several  peculi- 
arities  different  from  those  which 
generally  belong  to  all  hot  countries 
and  seasons,  perhaps  merely  so  by 
their  presence  being  in  an  excessive 
degree.    First,  the  temperature  was 
unusually  high,  being  90°  to  92°  in 
the  day-time,  and  86°  at  night  in  good 
houses,  and  in  the  tents  of  our  soldiers 
it  rose  to  96°,  98°,  and  104°,  as  indi- 
cated  by  a  thermometer  suspended  on 
a  central  pole  5  feet  from  the  ground, 
and  in  a  thorough  draught  between 
the  doors.    Secondly,  the  quantity  of 
moisture  was  greater  than  I  ever  saw 
it  before  in  any  part  of  the  world,  or 
at  any  season,  the  dew-point  being  at 
83°,  and  the  thermometer  in  the  shade 
at  90°,  the  lowest  range ;  even  this  i 
gives  12-19  grains  of  vapour  in  each 
cubic  foot  of  air."*    "  In  such  a  con- 
dition of  the  atmosphere,"  continues 
the  Report,  "  some  of  the  main  excre- 
tory functions  of  the  body,  particu-  j 
larly  the  exhalations  from  the  skin 
and  lungs,  must  be  to  a  great  degree 
suppressed,  and  a  proportionate  poi- 
soning of  the  blood  by  the  retention 
in  the  system  of  matter  which  ought 
to  be  eliminated  from  it,  is  inevitable. 
How  much  this  state  of  things  is  aggra- 
vated by  the  absence  of  wind,  and  a 
consequent  stagnant  condition  of  the 
atmosphere,  is  illustrated  by  Indian 
experience,  where,  from  experiment, 
it  aj^pears  that  from  a  surface  equal 
to  a  disc  of  six  inches  in  diameter,  ' 
with  the  dew-point  at  83°,  and  a  tem- 
perature at  90°  in  the  shade,  the  eva- 
poration per  minute  would  be  equal 
to  half  a  grain  in  a  calm,  1-40  in  a 
moderate  breeze,  and  2- 10  in  a  brisk 
wind;  thus  making  the  quantity  of 
fluid  removed  from  the  system  to  be' 
nearly  three   times   as    much  in  a 
moderate  breeze,  and  upwards  of  four 
times  so  in  a  fresh  wind,  as  in  a 
calm  or  stagnant  state  of  the  atmo- 
sphere." f 

*  Mr  Thorn,  quoted  in  Report  on  Cholera 
by  the  Board  of  Health,  p.  27. 
t  Ibid,  p.  29. 


A  moist  state  of  the  atmosphere  is, 
moreover, peculiarly  unhealthy  in  mar- 
shy districts,  by  acting  as  a  solvent  to 
the  miasma  or  marsh-poison.  In  bright 
clear  weather  little  danger  is  incurred 
in  traversing  unwholesome  countries; 
but  towards  sunset,  when  the  moisture 
raised  during  the  heat  of  the  day  be- 
gins to  fall  in  the  shape  of  dew,  laden 
witli  the  deleterious  exhalations  of  the 
marshes,  the  risk  of  ague  becomes 
considerable.  The  injurious  influence 
I  of  a  moist  atmosphere  has  further  been 
clearly  proved  by  Delaroche  by  di- 
rect experiment.  He  exposed  ani- 
mals to  a  very  high  temperature  in  a 
dry  air,  and  found  them  to  sustain  no 
mischief ;  but  when  he  exposed  them 
in  an  atmosphere  saturated  with  mois- 
ture, to  a  heat  only  a  few  degrees  above 
that  of  their  own  bodies,  and  greatly 
!  lower  than  in  the  former  instance, 
they  very  soon  died.  Here  we  see 
also  the  reason  why,  in  ague  and  other 
fevers,  the  suffering,  restlessness,  and 
excitement  of  the  hot  stage  can  never 
j  be  abated  till  the  sweat  begins  to  flow, 
after  which  they  rapidly  subside  ;  and 
why  the  remedies  which,  when  given 
in  the  hot  stage,  only  added  to  the  ex- 
citement and  distress,  may  now  be 
productive  of  the  best  effects. 

As  a  practical,  though  extreme  il- 
lustration of  the  effect  of  a  hot  moist 
atmosphere  upon  the  human  frame,  it 
may  be  instructive  to  quote  the  fol- 
lowing case,  extracted  by  Mr  Wilson 
from  the  Gazette  Medicale  of  Paris  : 
"  A  gentleman  recently  visited  the 
baths  of  Nero,  near  Pozzuoli,  the  an- 
cient Posidianoe.  To  reach  tlie  bath 
he  had  to  pass  along  a  narrow  winding 
passage  of  about  120  yards  in  length, 
and  seven  feet  high,  by  about  three  in 
breadth.  A  little  within  the  mouth 
of  the  i)assage,  the  temperature  was 
104°  in  the  upper  strata  of  the  atmo- 
sphere, and  91°  near  the  ground;  far- 
ther on,  the  air  was  filled  with  a  dense 
vapour,  of  a  temperature  of  118° 
above,  and  111°  below;  and  over  the 
bath  it  was  122°,  tlie  heat  of  the  spring 
being  185°.  After  proceeding  for 
about  one-third  the  length  of  the  pas- 
sage, he  began  to  feel  a  sense  of  op- 
pression and  discomfort,  his  pulse  ris- 
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ing  from  70  to  90  beats  in  the  minute. 
A  short  distance  farther,  the  oppres- 
sion increased,  his  breathing  became 
rapid  and  panting,  and  he  was  under 
the  necessity  of  stooping  his  head  fre- 
quently to  tlie  earth,  in  order  to  ob- 
tain a  chestful  of  air  of  a  less  suffo- 
cating temjjeratui-e.  His  skin  at  the 
time  was  bathed  in  profuse  perspira- 
tion, his  head  throbbing,  and  his  pulse 
beating  120  in  the  minute.  Continu- 
ing his  progress,  the  sensations  of  suf- 
focation became  insupportable  ;  his 
head  felt  as  though  it  would  burst  ; 
his  pulse  was  so  rapid  as  to  defy  cal- 
culation ;  he  was  exhausted  and  nearly 
unconscious ;  and  it  required  all  his 
remaining  power  to  enable  him  to 
hurry  back  to  the  open  air.  On  reach- 
ing the  mouth  of  tlio  passage  he  stag- 
gered, and  nearly  fainted,  and  was 
very  uncomfortable  until  relieved  by 
a  bleeding  from  the  nose.  During  the 
rest  of  the  day  his  pulse  remained  at 
100  ;  he  had  uneasy  sensations  over 
the  surface  of  the  body,  and  did  not 
recover  until  after  a  night's  repose. 
Tlie  same  gentleman  boro  a  tempera- 
ture of  176°  in  dry  air  without  incon- 
venience." 

By  considering  thefacts  above  stated, 
the  reader  will  be  prepared  to  under- 
stand why  moist  climates  are  more  un- 
favourable to  the  human  constitution 
than  those  which  are  dry.    Warm  and 
moist  climates  are  proverbially  un- 
healthy, partly  from  the  greater  quan- 
tity of  moisture  which  warm  air  is  ca- 
pable of  holding  in  solution,  and  partly 
from  tlie  facility  which  heat  affords  to 
the  decomposition  of  decaying  vege- 
table and  animal  matter.    In  winter, 
Holland  is  comparatively  free  from  fe- 
ver, but  in  summer  and  autumn  the  in- 
habitants suffer  muchfrom  ague,  owing 
to  the  increase  of  heat  and  moisture. 
Siei-ra  Leone  has  a  most  pestilential 
climate  ;  the  temperature  is  tropical, 
and  the  air  so  damp  that  ladies  pre- 
serve their  sewing  needles  in  oil  to 
keep  them  from  rusting.    Holland,  if 
under  the  same  degree  of  latitude, 
would  probably  be  equally  unhealthy, 
and  itsintermittentfeverwould  become 
transformed  into  the  black  vomit  of  the 


African  coast,  or  the  plague  of  Egypt. 
In  the  latter  country,   "  during  the 
plague  season,"  says  Dr  Laidlaw,  "  the 
atmosphere  is  constantly  charged  with 
moisture  ;  so  much  so  that  the  differ- 
ence between  tlie  dry  and  the  wet  bulb 
of  the  thermometer  is  not  more  than 
two  or   three   degrees,  the  average 
throughout  the  year  in  Egypt  being 
about   eight  or  ten   degrees.    I  do 
not  know  that  this  applies  to  Cairo, 
my  observations  being  made  at  Alex- 
andria ;  but  I  suppose  the  evaporation 
is  greater  at  Cairo.    The  eifects  of 
these  atmospheric  phenomena  are  so 
well  known  to  the  natives  in  Egypt, 
that  they  express  their  hopes  or  tlieir 
fears   according  to  indications  pre- 
sented to  them  by  the  state  of  the 
weather.  When  there  is  a  N.W.  breeze 
with  a  dry  atmosjihere,  they  say,  '  if  it 
please  God  their  friends  will  recover;" 
but  on  the  contrary,  if  the  wind  is  S.E., 
it  is  considered  as  markedly  fatal."* 
We  must  not  however  infer  that  the 
sole  or  essential  causes  of  cholera  or 
plague  consist  in  Jieat  and  moisture. 
They  are  merely  accessory,  by  pre- 
disposing the  system  to  the  attacks  of 
those  diseases ;  for,  as  we  shall  after- 
wards see,  much  more  powerful  causes 
are  to  be  found  in  the  exhalations 
arising  from  decomposing  animal  and 
vegetable  matter,  and,  above  all,  in  the 
corrupt  atmosphere  engendered  by  an 
overcrowded  population. 

Besides  the  perspiratory  glands,  the 
skin,  as  already  observed,  possesses 
another  series  of  minute  secreting 
bodies,  namely,  those  which  furnish 
the  sebaceous  or  fatty  matter  that 
lubricates  the  skin.  Each  sebace»us 
gland  consists  of  a  cluster  of  small 
oblong  flask-shaped  corpuscules,  from 
l-25th  to  1-7 th  of  a  line  in  breadth, 
and  sometimes  amounting  to  twenty 
in  number,  grouped  round  a  common 
duct  like  grapes  round  their  stalk. 
They  lie  imbedded  in  the  substance  of 
the  cutis,  which  they  penetrate  to 
about  the  depth  of  half  a  line ;  but 
they  rarely  traverse  its  whole  thlck- 

»  Report  on  Quarantine  by  the  General 
Eoavil  of  Hc:ilt;i,  ji.  8.  IS4'..). 


SEBACEOUS  SECRETION  OF  THE  SKIN. 


43 


nesH,  so  as  to  reach  the  subcutaneous 
fatty  luyer.    The  sebaceous  product 

Fig.  2. 


Tig.  2.  Represents 
the  lowor  part  of  a  hair 
of  Ihe  i'orc  arm. 

a,  b.  The  opiilormis. 

c.  The  shaft  of  the 
liair. 

d.  The  bulb. 

e.  /.  The  sheath. 
<;,  The  tube. 

/,  fc,  h,  Tlu-te  sebace- 
ous glands  wliich  open 
into  the  tube. 


therefore  is  a  true  se- 
cretion, derived  from 
the  blood,  and  is  not 
an  exudation  from 
the  subcutaneous  fat. 
The  true cutaneous  sebaceous glands  are 
always  associated  witli  hairs,  and  their 
presence  on  any  particular  part  of  the 
body  is  at  once  determined  by  the 
ajipearanco  of  the  latter.    They  are 
grouped  round  the  hair  (c,  'j,  d),  in 
greater   or   smaller  numbers,  their 
duots  opening  into  the  hair-tube  (e, /), 
\  and  thus  supj)lying  the  hair  with  a 
I  Jiatural  pomatum.     The  number  and 
I  size  of  the  glands  surrounding  each 
hair  are  nowise  dependent  on  the  size 
of  the  latter,  and  they  are  frequently 
largest  and  most  numerous  whore  tlie 
hair  is  fine  and  downy — as  on  the  fore- 
head, and  wings  of  the  nose.    In  such 
localities  the  sebaceous  product  may 
frequently  be  detected,  in  a  sluggish 
st::.te  of  the  skin,  as  a  minute  dark- 
coloured  spot  which  is  the  external 
end  of  the  fine  thread  of  fatty  matter 
retained  and  moulded  into  form  in 
the  distended  sheath  of  a  hair,  while 
the  hair  itself  is  frequently  so  small 
as  to  escape  notice.   The  palms  of  the 
hands  and  solos  of  the  feet,  being 
destitute  of  liairs,  have  no  oil-glands, 
and  we  arc  thus  enabled  to  touch  the 
finest  materials  without  soiling  them. 
To  this  remark  it  may  be  objected  iliat 
pure  perspiration,  as  shewn  by  Krause, 
contains  some  oily  matter;  but  the 
quantity  is  so  exceedingly  small,  as, 
in  this  respect,  to  occasion  no  incon- 


venience on  tlie  hands.  The  absence  of 
the  sebaceous  product  on  tlie  palmar 
and  plantar  surfaces  is  tlie  cau^e  why 
the  skin  in  these  localities  shrivels  up 
on  being  exposed  for  ii  short  time  to 
tlie  action  oi"  water.  This  is  an  ap- 
pearance never  seen  on  other  parts  of 
the  bodv. 

One  use  of  the  fatty  secretion,  then, 
is  to  furnisli  the  hair  with  a.  natural 
pomatum  ;  but  its  more  important  pur- 
pose is  to  lessen  the  hygroscitpic  pro- 
perties which  the  skin,  when  freed 
from  fatj  possesses  in  a  considerable 
degree,  it  thus  assists  in  impeding 
the  penetration  of  liquids  inwards 
through  the  epidermis,  and  in  pre- 
venting the  evaporation  of  the  fluids 
of  the  body.  But  it  serves  also  the 
purjiose  of  protecting  the  skin  against 
the  action  of  irritants ;  and  hence  the 
glands  are  both  large  and  numerous 
in  places  likely  to  be  exposed  to  in- 
jury from  this  cause,  as  in  the  neigh- 
bourhood of  the  natural  ajjcrtures  of 
the  body. 

In  the  healthy  state  of  the  skin  the 
unctuous  fluid  spreads  itself  over  the 
epidermis,  and  is  removed  by  ablu- 
tion ;  but  when  the  cutaneous  action 
is  sluggish  it  collects  in  the  ducts  of 
the  glands,  distends  them,  and  thus 
produces  pimples  which  are  easily 
removed  by  pressing  out  the  impact- 
ed matter.  Attention  has  recently 
been  culled  by  Simon  to  the  fact  that 
when  the  sebaceous  matter  thus  accu- 
mulates in  the  glands,  small  animal- 
cules, termed  by  him  acari  foUiculorum, 
are  generated  in  it,  sometimes  singly, 
and  sometimes  in  great  numbers. 
They  are  found  in  persons  of  all  ages, 
except  new-born  infant-s,  and  increase 
remarkably  in  persons  wliose  vital 
powers  are  low.  From  this  fact  Mr 
\\'ilson  infers  that  they  may  serve  a 
beneficial  purpose  in  the  economy,  by 
stimulating  the  skin  to  increased  ac- 
tion when  the  energies  of  the  system 
are  reduced  by  disease.  They  are  too 
minute  to  be  recognised  by  the  nnked 
eye,  and  it  requires  considerable  prac- 

*  Tliis  discovery  Ii:\d  alronly  been  made 
so  far  back  as  ICS 2,  but  afterwards  boeu 
for},'otteu. 
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tice  with  the  microscope,  to  distinguish 
them  in  their  fatty  bed. 

Similar  animalcules  have  been  dis- 
covered in  some  of  the  lower  animals, 
but  ajjparently  the  parasite  which  is 
natural  to  and  innocuous  in  one  ani- 
mal, may,  if  transferred  to  another, 
occasion  serious  disease.  Thus  Pro- 
fessor Gruby  inoculated  a  middle-sized 
dog  with  the  parasite  from  man,  and 
in  two  years  the  animalcules  increased 
to  such  an  extent  as  to  occupy  every 
follicle  of  his  skin.  He  lost  all  his 
hair,  and  his  skin  became  as  naked  as 
that  of  an  infant.  In  one  particular 
cavity  Professor  Gruby  counted  up- 
wards of  200  animalcules,  and  he  esti- 
mated their  number,  in  a  surface  much 
less  than  a  square  inch,  at  more  than 
80,000.* 

Having  thus  concluded  our  survey 
of  the  action  of  the  skin  as  a  secreting 
organ,  let  us  now  direct  our  attention 
to  the  consideration  of  a  contrary  func- 
tion— that  of  Ahforption.  By  means 
of  this  function,  substances  placed  in 
contact  with  the  skin  are  taken  up  and 
carried  into  the  general  circulation, 
either  to  be  appropriated  to  some  new 
purpose,  or  to  be  speedily  thrown  out 
of  the  body. 

Absorption  is  carried  on  by  the 
blood-vessels,  which,  as  we  have  seen, 
are  ramified  in  a  close  network  imme- 
diately under  the  epidermis  ;  and  also 
by  another  class  of  vessels  called  the 
absorbents  or  lymphatics,  the  distribu- 
tion of  which  however  is  not  well 
known,  though  fortunate  injections 
shew  them  to  be  very  abundant  on  some 
parts  of  the  skin.  Absorption  cannot 
take  place  till  the  fluid  to  be  absorbed 
has  passed  through  the  epidermis ;  it 
then  comes  in  contact  with  the  walls  of 
the  capillary  vessels,  and  penetrates 
them  according  to  the  laws  of  the  phy- 
sical process  of  cndosmosis  and  exosmosis. 
In  explanation  of  this  process  it  may  be 
stated,  that  most  liquids,  when  brought 
into  contact,  have  a  tendency  to  mix 
and  form  one  homogeneous  whole ;  and 
this  tendency  shews  itself  in  spite  of 

»  Edin.  Monthly  Journal  of  Med.  Science, 
Nov.  184C,  p.  233. 
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any  intervening  membrane,  provided 
either  or  both  of  the  liquids  can  pene-  j 
trate  its  pores.  If,  for  instance,  a 
solution  of  salt  be  separated  by  a 
sheet  of  bladder  from  pure  water, 
the  liquids  come  into  contact  in  the 
substance  of  the  membrane,  because 
both  have  the  power  of  penetrating  its 
pores;  but  the  water,  being  the  less 
dense  liquid,  penetrates  them  more 
readily  than  the  saline  solution,  and 
therefore  passes  through  them  in 
greater  quantity.  Hence  it  is  found 
that  when  both  fluids  have  acquired  the 
same  composition,  the  original  saline 
solution  has  increased  in  quantity.  In 
the  same  way,  when  a  fluid  after  pene- 
trating the  epidermis  comes  in  con- 
tact with  the  capillary  walls,  a  reci- 
procal action  commences  between  it  I 
and  the  contents  of  the  vessels.  But  a 
disturbing  element,  namely  that  of  the 
motion  of  the  contained  fluid,  here  in- 
terposes, and  the  external  and  internal 
fluids  are  prevented  fiora  acquiring 
the  same  density,  by  the  constant  re- 
newal of  the  contents  of  the  vessels. 
The  internal  fluid  thus  continues  more 
dense  than  the  external,  and  hence  the 
greater  current  flows  from  without 
inwards — in  other  w'ords,  absorption 
takes  place.* 

The  action  of  the  absorbents  is  sup- 
posed to  be  limited  chiefly  to  collect- 
ing such  part  of  the  debris  of  the  tissues 
as  may  still  be  of  use  in  the  organism, 
and  returning  it  into  the  circulation. 
According  to  this  theory,  these  vessels 
absorb  that  portion  of  the  serum  of 
the  blood,  which,  in  obedience  to  the 
reciprocal  action  of  endosmosis  and  ex- 
osmosis,  passes  through  the  walls  of 
the  capillary  blood-vessels,  and  is  not 
decomposed  in  the  process  of  nutrition 
of  the  tissues  outside  those  vessels. 

In  endeavouring  to  form  an  estimate 
of  the  amount  of  absorption  by  the 
skin,  we  must  bear  in  mind  the  struc- 
ture of  the  epidermis,  which,  as  already 
described,  consists  of  an  immense  num- 
ber of  desiccated  cells  converted  into 
scales,  and  overlapping  each  other  in 
every  direction,  so  as  to  form  on  the 

*  For  further  details  on  this  subject,  see 
the  author's  work  on  Digestion  aua  Diet, 
9th  ed.,  p.  29, 
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I       surface  a  dry,  horny,  and  transjjarent 
i       membrane.  AVhcn  steeped  in  water  this 
'       membrane  imbibes  moisture  and  loses 
I       its  transparency,  and  tlie  superficial 
I       scales  become  softened  and  are  easily 
j       abraded.    But  the  action  of  the  mois- 
1       ture  does  not  extend  far  beneath  the 
surface ;  for  on  tlie  removal  of  the 
softened  scales  the  hard  and  transpa- 
I       rent  membrane   is   found  unaltered 
below.    Were  it  otherwise — if  fluids 
could  easily  permeate  the  whole  thick- 
I       ness  of  the  epidermis^ — we  should  be 
continually  exposed  to  the  danger  of 
poisonous  matter  being  thus  conveyed 
j  into  the  system.    Krause  has  shewn 
;       that  liquids  which  exert  no  chemical 
1       action  on  the  epidermis  do  not  pass 
;       through  its  substance  on  the  principle 
!       of  eiulosmosis  and  exosmosis ;  and  in- 
j       deed  this  fact  is  illustrated  in  every- 
I       day  life,  for  we  do  not  find  that  the 
I       fluid  of  a  blister  ever  escapes  by  filter- 
I       ing  through  the  epidermic  coat.  In 
;       this  respect  the  epidermis  differs  from 
1       all  other  animal  membranes ;  a  bladder 
I  containing  water,  for  instance,  is  quite 
j  wet  on  its  external  surface.    It  ap- 
pears, however,  that  water  may  pene- 
!       trate  the  epidermis  in  a  state  of  va- 
pour, and  this  fact  is  readily  proved 
1       by  covering  a  vessel  containing  water 
with  a  piece  of  epidermis.    The  mem- 
;       brane  remains  dry,   but  the  water 
slowly  diminishes  in  quantity.  From 
these  facts  it  seems  probable  that  such 
'      substances  only  as  exert  a  chemical 
I      action  on  the  ejjidermis,  thereby  de- 
stroying its  continuity,  or  such  as  are 
volatile  and  assume  the  state  of  vapour, 
'      are  capable  of  being  absorbed  through 
I    '  the  substance  of  the  epidermis ;  al- 
I      though  there  can  be  no  doubt  that,  un- 
I      der  exceptional  circumstances,  many 
bland  fluids  may  be  absorbed  by  pene- 
trating the  tubes  of  the  perspiratory 
I       and  sebaceous  glands,  where  the  epi- 
I      dermis  is  much  thinner  and  more  de- 
licate than  on  the  exposed  surface  of 
the  body. 

It  cannot  however  be  denied  that 
:      possibly  the  action  of  water,  when  long 
!      continued,  may  at  length  soften  the 
whole  thickness  of  the  epidermis,  and 
thus  reach  the  vascular  expansion  on 
I  the  surface  of  the  cutis,  where  it  will 


be  absorbed ;  but  Krause  regards  this 
process  as  of  very  rare  occurrence, 
and  believes  that  when  water  in  its 
liquid  state  is  absorbed,  it  must  be  by 
penetrating  the  perspiratory  ducts. 
In  the  form  of  vapour,  he  believes  it 
capable  of  forcing  its  way  inwards 
between  the  cells  and  scales  of  the 
epidermis,  precisely  as  it  finds  its  way 
outwards  in  the  shape  of  insensible 
pci-spiration  ;  and  he  thinks  that  it  is 
as  aqueous  vapour  that  the  fluid  of  a 
blister  escapes  when  the  blister  dries 
up.  The  more  volatile  a  substance, 
the  more  easily  does  it  ti'averse  the 
epidermis;  and  hence  such  liquids  as 
turpentine,  ether,  and  chloroform, 
readily  find  their  way  into  tlie  blood 
through  this  membrane.  Accordingly, 
])r  Aran  found  the  Dutch  liquid,  or 
chloride  of  olefiant  gas,  to  be  the  best 
local  anaesthetic  agent,  it  being  the 
most  volatile  substance  possessing  the 
power  of  soothing  pain.* 

Of  the  reality  of  absorption  from  the 
surface  of  the  skin,  we  have  a  familiar 
example  in  the  process  of  vaccination 
as  a  protection  from  small2)ox.  This 
process  is  the  insertion  of  a  small 
quantity  of  cowpox  matter  under  the 
cuticle  on  the  surface  of  the  true  skin, 
and  the  leaving  of  it  there.  In  a  short 
time  it  is  acted  upon,  and  taken  into 
the  system,  by  the  cutaneous  vessels. 
In  like  manner,  mercurial  prepara- 
tions rubbed  on  the  skin  for  the  cure 
of  liver-complaint  ai'e  absorbed,  and 
affect  the  constitution  precisely  as 
when  received  into  the  stomach.  Many 
even  of  the  common  laxatives,  such 
as  rliubarb  and  croton  oil,  may  be  ad- 
ministered in  the  same  way  ;  and  the 
rapid  absorption,  through  the  same 
channel,  of  poison  fi'om  bites  of  rabid 
animals  and  wounds  in  dissection,  is 
familiar  to  every  one.  It  is  from  the 
active  principle  of  the  Spanish  flies 
used  in  blisters  being  taken  up  by  the 
cutaneous  vessels,  that  irritation  of  tlie 
kidneys  and  urinary  organs  so  often 
attends  the  employment  of  that  re- 
medy. 

Some  ascribe  great  importance,  and 
others  very  little,  to  cutaneous  absorp- 

•  Med.  Gazette,  vol.  xlvi.,  p.  986. 


46       FACTS  ILLUSTRATIVE  OF 


tion.    In  certain  diaeascs,  such  as  dia- 
betes, in  which,  occasionally  for  weeks 
in  succession,  the  urinary  discharge 
exceeds,  by  many  ouncos  daily,  the 
whole  quantity  of  food  and  drink, 
j   without  the  body  losing  proportionally 
j   in  weight,  we  cannot  otherwise  ac- 
j   count  for  the  system  being  sustained 
j   than  by  supposing  moisture  to  be  ex- 
I   tensively  absorbed  from  the  air  by  the 
j   skin  or  lungs,  or  both.    Dr  Watson 
;   has  given  the  particulars  of  a  remark- 
;   able  and  well-authenticated  case  of 
I   this  kind  occurring  in  a  boy  of  eleven 
'   years  of  age,  who  passed  daily  nine- 
'   teen  pints  of  urine,  and  who  gained, 
'   in  an  hour  of  complete  abstinence,  one 
!   pound  in  weight,  which   must  have 

I  been  water  derived  from  the  atmo- 
:  I  sphere.*  It  is  certain,  therefore,  that 
^  the  skin  possesses  an  absorbing  power 
jl  in  common  with  the  lining  membrane 

I I  of  the  lungs;  and  Krause  ascribes 
i|  much  more  importance  to  the  cutane- 
jj  ous  than  to  tlio  |nilmonnry  absorption, 
jl  as  he  thinks  the  saturation  of  the 
!   breath  with  moisture  in  the  air-cells 

of  the  lungs  must  materially  impede 
j  the  absorption  of  moisture  from  the 
!  aiii  Hence,  although  the  ancients 
i  may  have  gone  too  far  in  believing 
j  that,  when  food  could  not  be  retained 
!  in  the  stomach,  a  person  might  be 
I  nourished  by  placing  him  in  a  bath 
j  of  strong  soup  or  milk,  they  were, 
I  however,  correct  in  principle  :  their 
1  error  %vas  in  regarding  the  absorbing 
!  power  as  greater  than  it  really  is. 
:  Some,  indeed,  deny  that  any  absorp- 
||  tion  takes  place,  because  it  appears 
I  that,  as  a  general  fact,  the  body  gains 

I  no  weight  by  immersion  in  a  warm 
bath.    But  this  reason  is  inconclusive  ; 

.  I  for,  since  the  body  loses  at  the  rate  of 
!|  thirteen  grains  per  minute,  if  after  the 
|j  bath  the  weight  have  not  diminished 
il  in  this  proportion,  the  difference  must 

II  be  owing  to  absorption.  Weight,  how- 
ji  ever,  is  also  occ;isionally  gained:  but 
'l  it  is  difticult  to  speak  with  perfect 
li  certiiinty  on  this  point,  because  allovv- 
!  ance  must  always  be  made  for  a  cer- 
tain quantity  of  moisture  which  the 
cuticle  merely  imbibes.     It  is  well 

*  Medical  Giizctfe,  June  1842, 
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known,  for  instance,  how  much  more  | 

easily  coi'ns  and  callosities,  and  even  j 

the  nails,  can  be  cut  and  pared  after  j 

being  for  some  time  in  a  hot  bath — 

tlie  softening  in  such  cases  being  due  j 

to  the  imbibition  of  a  certain  quantity  | 

of  water.  ! 

That  animals  absorb  copiously  when  i 
immersed  in  water,  has  been  amply 
proved  by  Dr  Edwai'ds    and   other  ( 
physiologists.    Dr  Edwards  selected  j 
lizards  as  the  subjects  of  experiment,  , 
because  he  regarded  their  scaly  skins  I 
as  unfavourable  to  absorption.    After  I 
reducing  the  bulk  of  a  lizard  by  seve-  ' 
ral  days'  exposure  to  a  dry  air,  he  im- 
mersed its  tail  and  hind  legs  in  water, 
and  found  that  absorption  took  place  , 
to  such  an  extent  as  to  restore  theori-  | 
ginal  plumpness  of  all  parts  of  the 
body.     The  same  i-esult  attended  a 
variety  of  other  trials,  so  that  the 
fact  does  not  admit  of  doubt.    In  these  ! 
anijnals,  however,  the  skin  is  not  pro-  j 
tected  by  an  impervious  epidermis.  ' 
Indeed,  so  permeable  is  the  skin  of  | 
frogs  that  the  action  of  the  air  on  its  j 
surface  oxygenates   the  blood  suffi-  j 
ciently  to  prolong   life  for    several  ' 
hours  after  extirpation  of  the  lungs. 
In  man,  the  absorption  from  the  sur- 
face, which  is  so  much  impeded  by  the  j 
epidermis,  goes  on  with  great  vigour  i 
when  this  obstacle  is  removed.    Thus  | 
arsenic  applied  to  cancerous  sores,  and  , 
strong  solutions  of  opium  to  extensive  ! 
burns  in  children,  have  been  absorbed 
in  quantities  sufficient  to  poison  the 
patients.    Colic  has  followed  similar 
external  applications  of  the  salts  of 
lead.    Mercury,  also,  in  the  form  of 
fumigation,  has  often  been  used  where 
rapid  action  was  required,  because  in. 
the  state  of  vapour  itis  very  soon  taken  | 
up  by  the  cutaneous  vessels. 

It  is  quite  certain,  then,  that  tlie 
skin  does  absorb.  The  only  question 
is,  To  what  extent  does  the  cuticle 
operate  in  preventing  or  modifying 
that  action  ?  When  friction  accom- 
panies the  external  application,  the 
cuticle,  as  we  see  exemplified  in  the 
use  of  mercurial  and  other  liniments, 
is  not  a  perfect  obstacle.  But  when 
friction  is  not  resorted  to,  and  the 
substance  applied  is  of  a  mild  unirri- 
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tating  nature,  it  may  remain  in  con- 
tact with  the  skin  for  a  long;  time, 
without  being  taken  into  the  systeui 
in  appreciable  quantities,  thouj^h  cases 
undoubtedly  occur  where  unin-itating 
sul'Stances,  such  as  narcotics,  when  ap- 
plied as  simple  lotions  or  as  plasters, 
are  absorbed  through  the  epidermis. 
One  of  the  most  familiar  examples  of 
this  action  is  the  absorption  of  bella- 
donna when  applied  to  the  forehead, 
as  indiciitcd  by  the  dilatation  of  the 
iris.  Animal  poisons  are  also  occa- 
sionally absorbed  through  an  unin- 
jured epidermis,  and  of  this  Krause 
gives  the  fullowing  exnmple.  .\fter 
tlic  examination  of  the  body  of  a  man 
who  died  of  pleurisy,  both  he  and  his 
assistant,  he  tells  us,  were  attacked 
with  pustules  and  ulcers  in  ditferent 
parts  of  both  hands,  and  sub?e([uent 
inflammation  of  the  lynipliatic  vessels 
'  and  glands,  although  the  most  minute 
examination  failed  to  discover  injury 
of  the  epidermis  on  the  hands  of  either. 

Mr  Impey  has  recorded  another  re- 
markable case,  in  which  four  persons, 
whohad  assisted  in  examining  the  b()dy 
of  an  elephant,  were  attacked  with 
pustula  maligna.  It  does  not  appear 
whether  in  this  case  theill consequences 
were  attributed  to  some  morbific  influ- 
ence peculiar  to  the  normal  fluids  of  the 
elei)hant,  as  seems  to  be  the  popular 
belief  in  India,  or  to  some  morbid 
condition  of  the  fluids  of  this  jjarti- 
culnr  elephai.t.  No  abrasion  of  the 
surface  had  existed  in  any  of  the  in- 
dividuals attacked,  who  all  recovered 
after  an  indisposition  of  from  four  to 
five  weeks.*  The  experiments  of  Mr 
Ceeley  of  Aylesbury,  on  vaccination, 
afford  an  additional  examj)le  of  the 
same  phenomenon.  lie  states  tliat  he 
has  repeatedly  succeeded  "  in  procur- 
ing vaccine  vesicles  without  puncture, 
on  the  skins  of  children  especially, 
and  young  persons,  by  keeping  lymph 
in  contact  with  the  skin,  and  exclud- 
ing it  from  the  air  by  a  coating  of 
blood. '"t    In  this  case,  the  coating  of 

"«  Trans,  of  the  Mod.  and  Phys.  Society 
of  Bombay,  Xo.  VIII. ;  (|uote<l  in  the  Mcdi- 
i  c.il  Gazette,  May  1'5,  1S49,  p.  910. 

+  Wilson  on  the  Skin,  2d  edition,  p.  «4. 
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blood  probably  aided  the  absorption  by 
keeping  the  epidermis  in  a  soft  and 
moist  condition.  It  is  diiBcult  to  de- 
cide whether  in  such  cases  the  fluids 
pass  througii  the  substance  of  the  cells 
or  scales  of  the  epidermis — or  are  re- 
ceived into  its  pores  by  capillary  at- 
traction— or  penetrate  it  by  means 
of  some  alBnity  with  the  contents  of  i 
the  perspiratory  or  sebaceous  tubes : 
though,  where  friction  is  used,  as  with 
mercurial  ointment,  there  can  be  little 
doubt  that  the  substance  is  forced 
through  the  pores,  and  so  comes  in 
contact  with  a  surface  no  longer  pro-  ! 
tected  by  an  impervious  membrane. 

It  was  formerly  supposed  that 
when  the  perspiration  is  prevented 
from  leaving  the  surface  of  the  skin 
either  by  injudicious  clothing  or  by 
want  of  cleanliness,  its  residual  parts 
are  absorbed  back  into  the  system, 
and  act  upon  it  as  a  poison  of  greater 
or  less  power,  according  to  its  quantity 
and  degree  of  concentration,  thereby 
producing  fever,  inflammation,  and 
even  death  itself.  There  can,  indeed, 
be  no  doubt  that  animal  efQuvia  act 
as  a  most  energetic  poison;  and  the 
skin,  wo  have  seen,  possesses  the 
power  of  absorbing  them,  when  in  a 
state  of  vapour,  perhaps  with  greater  ' 
facility  than  even  the  lungs  them-  I 
selves.  Nevertheless,  it  seems  to  us  ] 
more  probable  that  the  fatal  conse- 
quences which  have  repeatedly  followed 
the  use  of  a  close  water-proof  dress 
by  sporirmen  and  others,  and  tlieheat 
and  uneasy  "est) essness  which  ensue  in 
other  instance..,  ?.re  not  so  much  owing 
to  absorption  of  deleterious  matter  by 
tlie  skin,  as  to  the  circumstance  of  the 
water-proof  dres.s  acting  like  the  coat- 
ing of  varnish  in  Fourcault's  experi- 
ments. It  checks  more  or  less  com-  ' 
pletely  tlie  exhalations  of  the  skin,  ! 
and  thus  cannot  but  interfere  to  a 
hurtful  extent  with  the  chemico-vital  | 
metamorphoses  of  the  body.  j 

But  wc  concur  with  those  who  be- 
lieve that  marsli  miasmata  and  other 
poisons  are  absorbed  by  the  skin  as 
well  as  by  the  lungs.  Bichat  consi- 
dered the  fact  as  established  in  regard 
to  the  effluvia  of  dissecting-rooms,  and 
many  reasons  may  be  advanced  for 
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concurring  in  this  belief.    Some  dis- 
eases, for  instance,  are  more  readily 
communicated  by  contact  than  by  any 
other  means,  and  this  can  happen 
only  through  the  medium  of  absorp- 
tion.   Besides,   it  is   observed  that 
those  who  work  with  oil  and  other 
greasy  substances  which  obstruct  the 
pores  of  the  skin,  often  escape  conta- 
gion when  all  around  them  suffer.  In 
like  manner,  flannel  and  warm  cloth- 
ing, which  have  been  proved  to  be  ex- 
tremely useful  in  preserving  those 
who  are  unavoidably  exposed  to  the 
action  of  malaria  and  of  ejndemic  in- 
fluences, manifestly  act  chiefly  by  pro- 
tecting the  skin.    A  late  writer  on  the 
Malaria  of  Rome  strongly  advocates 
this  opinion,  and  expresses  his  convic- 
tion that  the  ancient  Romans  suifered 
less  from  it,  chiefly  because  they  were 
always  enveloped  in  warm  woollen 
dresses.    This  opinion,  he  says,  is  jus- 
tified by  the  observation,  that  since 
the  period  at  which  the  use  of  woollen 
clothing  came  again  into  vogue,  inter- 
mittent fevers  have  very  sensibly  di- 
minished  in    Rome.     Even   in  the 
warmest  weather,  the  shepherds  are 
now  clothed  in  sheep-skins.  Brocchi, 
who  experimented  extensively  on  the 
subject,  obtained  a  quantity  of  putrid 
matter  from  the  unwholesome  air,  and 
came  to  the  conclusion,  that  it  pene- 
trates by  the  pores  of  "the  skin  rather 
than  by  the  lungs.    He  ascribes  the 
immunity  of  the   sheep  and  cattle, 
which  pasture  night  and  day  in  the 
Campagna,  to  the  protection  afforded 
them  by  their  wool  and  hair  ;*  and 
Spalding  says  of  malaria,  that  the 
best   preservatives   are    shelter  by 
night,  and  warm  thick  clothing  by 
day  (like  that  of  the  friars,  who  live 
wliile   the   peasants   die   in  troops 
around  them),  and  an  avoidance  of 
sudden  change  of  temperature.f  These 
remarks  deserve  serious  attention — 
particularly  as,  according  to  Patissier, 
similar  means  have  been  found  effec- 
tual in  protecting  the  health  of  labour- 
ers digging  and  excavating  drains  and 
canals  in  marshy  grounds,  where,  pre- 

«  Edin.  Philos.  Jour.,  J^n.  1833. 

■f  Italy  and  the  Italians,  vol.  iii.,  p.  299. 


yiously  to  the  employment  of  these 
precautions,  the  mortality  from  fever 
was  very  considerable. 

The  foregoing  observations  are  quite 
in  accordance  with  the  doctrine  pre- 
viously delivered,  that  the  epidermis, 
though  nearly  impervious  to  liquids 
which  exert  no  chemical  action  on  the 
skin,  is  readily  penetrated  by  vapour. 
The  protection  afforded  by  warm  cloth- 
ing is  probably  explicable,  at  least  to  a 
partial  extent,  by  its  preventing  the  im- 
mediate contact  of  the  skin  with  the 
malaria.  We  have  the  records  of  many 
experiments  which  prove  that  gases 
are  readily  absorbed  by  the  skin,  and 
need  only  adduce  as  an  example  one 
performed  by  Collard  de  ilartigny, 
who  placed  liimself  in  a  cask  contain- 
ing the  husks  of  grapes  in  a  state  of 
fermentation,  but  where,  by  means  of 
a  tube,  he  was  provided  with  a  due 
supply  of  air  for  respiration.    At  the 
end  of  29  minutes  he  had  become, 
through  absorption  of  carbonic  acid, 
almost  senseless.  Some  interesting  ex- 
periments have  recently  been  made  by 
M.  Renault,  director  of  the  veterinary 
school  of  Alfort,  with  the  view  of 
elucidating  the  time  necessary  for  the 
absorption  of  an  animal  poison  by  tlie 
skin,  and  its  communication  to  the 
system  at  large.     His  experiments 
were  made  on  horses  with  tlie  poison 
of  glanders,  and  on  sheep  with  the 
poison  of  rot.    The  virus  was  intro- 
duced under  the  cuticle  with  a  lancet ; 
and  at  certain  periods  after  inocula- 
tion the  puncture  was  cauterized  so  as 
completely  to  destroy  the  poison,  if  it 
had  not  already  been  carried  into  the 
system.    Thirteen  horses  were  thus 
experimented  upon,  and  the  cautery 
was  applied  at  periods  varying  from 
96  hours  to  1  hour  after  inoculation. 
None  of  the   animals   escaped  the 
effects  of  the  poison.  Twenty-two 
slieep  also  were  inoculated,  and  the 
cautery  was  applied  at  periods  gradu- 
ally diminishing  from  11  hours  to  5 
minutes  after  insertion  of  the  poison  ; 
but  here  likewise  none  of  the  animals 
escaped.    It  is  thus  proved  that  the 
contact  of  a  virus,  during  a  period  of 
one  hour  for  glanders,  and  five  mi- 
nutes for  rot,  is  quite  sufficient  to 
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I     inoculate  the  system  with  the  j^oison. 
I     It  is  probable  indeed  that  a  shorter 
I     period  may  suffice ;  but  whether  this 
be  the  case  or  not,  these  experiments 
shew  that  no  time  ought  to  be  lost  in 
I     removing  the  poison  of  a  wound  by 
I     suction,  or  in  destroying  it  by  the 
application  of  the  cautery.    The  con- 
sequences which  are  apt  to  ensue  from 
wounds  accidentally  received  in  dis- 
'     secting,  or  from  the  bites  of  rabid 
animals,  can  only  thus  be  effectually 
guarded  against.    The  facts  just  men- 
tioned also  place  in  a  striking  light 
,     the  danger  of  exposure  to  malaria 

even  for  the  shortest  period. 
!        It  is  a  general  law,  that  every  or- 
gan acts  with  increased  energy  when 
excited  by  its  own  stimulus  ;  and  the 
)    application  of  this  law  to  the  diliorent 
'\    functions  of  the  skin  may  help  to  re- 
ji    move  some  of  our  difficulties.  The 
!     skin  exhales  most  in  a  warm  dry  at- 
mosphere; because  heat  is  its  stimulus, 
and  dryness  of  the  air  is  favourable  to 
the  evaporation  of  the  sweat.  The 
same  condition  is  unfavourable  to  ab- 
sorption, because  no  moisture  is  pre- 
sent to  give  the  absorbing  vessels  of 
I     the  skin  occasion  to  act.    In  a  moist 
atmosphere,  on  the  other  hand,  they 
meet  with  their  appropriate  stimulus, 
and  act  powerfully  ;  while  exhalation 
i.s  greatly  diminished,  because  the  air 
can  no  longer  carry  off  the  perspira- 
I    tion  so  freely.  It  is  partly  on  account 
I    of  diminislied  exhalation   from  the 
I    skin,  partly  because  a  moist  atmo- 
1    sphere  lowers  the  tone  of  the  system, 
by  carrying  off  the  animal  heat  much 
i    more  rapidly  than  one  which  is  dry,  and 
partly  also  perhaps  from  the  increased 
action  of  the  absorbent  vessels  which 
I  t  always  accompanies  moisture,  that  the 
lymphatic  system  predominates  among 
the  inhabitants  of  marshy  and  humid 
districts,  as  has  long  been  remarked  of 
the  Dutch.    Slalaria  prevails  chiefly 
in  situations  and  seasons  in  which  the 
air  is  loaded  with  moisture,  and  it  is 
most  dangerous  when  the  power  of 
i    resistance  is  least,  as  during  sleep 
or  fasting.    At  such  times  the  pro- 
bability of  its  being  received  into 
the  system  by  cutaneous  absorption  is 
unusually  great,  and  the  consequent 


necessity  of  endeavouring  to  protect 
ourselves  from  its  influence  by  warm 
woollen  clothing  becomes  most  urgent. 
When  the  skin  is  warm  and  its  exha- 
lations are  abundant,  the  body  is  sur- 
rounded by  a  vapory  layer  of  perspira- 
tion which  shields  it  against  the  contact 
of  malaria ;  and  no  recijjrocal  action 
between  the  fluids  of  the  body  and  the 
moisture  of  the  air  can  take  place, 
either  on  the  surface  of  the  skin  or  in 
the  perspiratory  ducts,  because  the 
constant  flow  of  the  perspiration  pre- 
vents the  air  from  resting  on  the 
surface,  or  penetrating  into  the  ducts. 
But  when  a  chill  or  any  other  de- 
pressing cause  has  checked  the  flow 
of  the  cutaneous  exhalations,  the  air 
is  allowed  to  rest  in  contact  with  the 
skin,  and  miasmata  are  then  pecu- 
liarly ajjt  to  be  absorbed  and  to  pro- 
duce disease.  In  the  army  and  navy, 
accordingly,  where  practical  experi- 
ence is  most  followed,  the  utmost  at- 
tention is  now  paid  to  enforcing  tiie 
use  of  flannel  and  sufficient  clothintr 
as  a  protection  against  fever,  dysen- 
tery, and  other  diseases,  particularly 
in  unhealthy  climates.  In  the  pre- 
vention of  cholera,  flannel  was  decid- 
edly useful.* 

From  grouping  all  the  constituent 
parts  of  the  skin  into  one  whole,  and 
perceiving  so  many  operations  con- 
nected with  that  tegument,  some  may 
be  apt  to  supjiose  it  an  exception  to 
the  principle,  that  no  single  part  can 
execute  more  than  one  special  func- 
tion. In  reality,  however,  it  is  only 
by  taking  the  guidance  of  this  prin- 
ciple that  we  can  extricate  ourselves 
from  the  apparent  confusion.  "We 
have  already  seen  that  exhalation  and 
absorption  are  connected  with  the  vas- 
cular tissues  of  the  skin,  and  on  farther 
examination  we  shall  now  tind  the 

•  In  Dr  Madden's  work  on  Cutaneous 
Absorption,  Mr  Wilson's  on  tlio  Jlaniige- 
mt'nt  of  the  Skin,  and  also  in  two  excellent 
articles  on  the  Skin  in  Nos.  IV.  and  XII. 
of  the  British  and  Foreign  Medical  Review, 
the  reader  will  tind  additional  infoi  niation 
concerning  the  structure  and  functions  of 
tlie  akin,  and  especialy,  on  the  subject  of 
its  absorbing  power.  D 
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office  of  Touch  or  Feeling  intrusted 
exclusively  to  another  constituent 
part,  the  nervous ;  for,  in  serving  as 
the  instrument  of  Sensation,  the  skin 
acts  in  no  other  way  than  by  affording 
a  suitable  surface  for  the  distribution 
and  protection  of  the  nerves  which 
receive  and  transmit  to  the  brain  and 
mind  the  impressions  made  on  them 
by  external  bodies.  In  this  respect 
the  skin  resembles  the  other  organs  of 
sense,  in  all  of  which  the  nerve  is  the 
true  instrument  of  the  sense.  The  eye, 
the  ear,  the  nose,  and  the  skin,  are 
simply  structures  fitted  to  bring  the 
nerve  into  relation  with  light,  sound, 
smell,  and  external  bodies,  by  which 
these  organs  are  respectively  affected : 
— and  they  differ  from  each  other  only 
because  sound  differs  from  colour,  co- 
lour from  smell,  and  smell  from  rough- 
ness or  smoothness ;  and  because  sound 
or  colour  can  be  taken  cognizance  of 
by  its  own  nerve,  only  when  the  latter 
is  provided  with  an  apparatus  fit  to  be 
acted  upon  by  the  vibrations  of  the 
air,  or  by  the  rays  of  light.  In  every 
instance,  it  is  the  external  object  acting 
upon  a  nerve  which  gives  rise  to  the 
impression  received  from  the  organs 
of  sense. 

The  skin  being  the  seat,  and  the 
nerve  the  immediate  instrument,  of 


sensation  or  sensibility,  it  becomes  an 
object  of  interest  to  ascertain  in  what 
manner  the  nerve  is  so  distributed  over 
the  skin,  as  to  enable  it  to  come  into 
contact  with  external  bodies  without 
the  risk  of  sustaining  injury  from  their 
roughness  or  hardness. 

We  have  already  seen,  in  a  general 
way,  that  this  is  done  by  the  papillaj 
(fig.  1,  d,  page  25),  which  in  their  sim- 
plest form  consist  of  loops  of  a  single 
nerve  and  artery,  doubled  upon  them- 
selves, and  covered  by  an  investing 
membrane.  But  in  situations  where 
increased  sensibility  is  required,  the 
papillaj  are  larger,  and  are  composed 
of  a  number  of  nervous  and  arterial 
branches,  bound  up  together,  and  form- 
ing small  cones.  The  bases  of  these 
cones  rest  on  the  dermis,  and  their 
apices  penetrate  into  the  epidermis 
like  a  sword  into  its  sheath,  so  that  the 
depressions  on  the  internal  surface  of 


the  epidermis  represent  exactly  the 
number  and  disposition  of  the  papillae. 
By  this  arrangement,  the  tactile  extre- 
mity of  the  nerve  which  enters  into 
the  papilla,  is  allowed  to  come  into 
more  direct  contact  with  the  external 
objects  which  it  is  intended  to  recog- 
nise, and  thus  to  appreciate  them  more 
correctly.  Touch  is  exercised  by 
thousands  of  these  little  organs,  all 
placed  side  by  side,  as  it  were,  and 
communicating  together  ,  by  means  of 
the  nervous  network  spread  over  the 
whole  surface  of  the  body  from  one 
papilla  to  another  ;  and  the  proof  that 
the  nerve  really  penetrates  into  the 
papilla  is,  that  although  the  epider- 
mis may  be  removed  with  impunity, 
acute  pain  is  felt  the  moment  the  pa- 
pilla itself  is  injured.  Even  the  mere 
contact  of  the  air  causes  pain  when 
the  protecting  epidermis  is  removed. 

The  papillas  are  dependent  for  their 
life  and  action  on  a  constant  supply  of 
blood.    When  the  surface  of  the  body  i 
is  warm,  and  its  circulation  active,  || 
touch  and  sensation  are  acute,  because  ' 
the  nerves  then  receive  abundance  of  ' 
stimulating  blood.  But  when  the  skin  is 
chilled,  and  it-s  circulation  nearly  stag- 
nant, sensation  becomes  so  blunt  that  '  • 
wounds  maybe  inflicted  without  ex-  !*j 
citing  pain ;  because  then  the  nervous 
papillae,  being  imperfectly  supplied 
with  blood,  can  no  longer  act  with  , 
readiness  or  vigour.    The  cutaneous 
nervous  expansion  thus  constitutes  one  ! 
of  the  most  important  tissues  of  the  j 
body.    It  forms  the  peripheral  extre-  ' 
mity  of  the  nervous  system,  on  which 
external  agents  act, — through  which 
the  mind  is  made  cognizant  of  exter- 
nal objects  in  contact  with  the  skin, 
and  thus  far  is  put  in  relation  with  the 
external  world.    If  the  senssibility  of 
the  skin  were  destroyed,  man  would  be 
comparatively  helpless.   He  could  feel 
neither  heat  nor  cold;  he  could  not 
walk,  for  he  could  not  tell,  except  by 
the  eye,  when  his  feet  touched  the 
ground;  he  could  not  write,  for  he 
would  not  know  that  his  ftngers  held 
the  pen.    An  ass,  in  which  the  nerve 
that  bestows  sensation  on  the  lips  was 
cut,  left  its  oats  untasted,  because  it  i 
no  longer  felt  the  wonted  impression,  j 
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and  did  not  know  when  its  lips  came 
in  contact  with  the  food. 

Such  being  a  chief  purpose  of  the 
skin,  it  follows  that  every  part  of  it, 
however  remote,  must  be  provided 
with  filaments  from  the  nerves  of  sen- 
sation, that  we  may  become  imme- 
diately sensible  of  the  presence  and 
action  of  external  bodies.  If  any  part 
were  destitute  of  this  property,  its 
texture  and  vitality  might  be  destroy- 
ed without  our  being  conscious  of  the 
fact;  whereas,  in  consequence  of  this 
provision  of  sensitive  nerves,  no  object 
can  touch  the  skin  without  our  being 
instantly  made  aware  of  its  presence 
and  properties.    A  case  published  by 
Dr  Yellowly,  in  the  third  volume  of 
the  Medico-Vhirurgical  Transactions, 
illusti-ates  in  a  striking  manner  the 
great  utility  of  these  nerves  in  warn- 
ing us  of  danger.    He  says  :  "  The 
patient's  hands  up  to  the  wrists,  and 
the  feet  half  way  up  the  legs,  are  per- 
fectly insensible  to  any  species  of  in- 
jury, as  cutting,  pinching,  scratching, 
or  burning,    lie  accidentally  put  one 
of  his  feet,  some  time  ago,  into  boiling 
water,  but  was  no  otherwise  aware  of 
the  high  temperature  than  by  finding 
the  wliolc  surface  a  complete  blister 
on  removing  it."' 

While,  however,  sensation  is  com- 
mon to  the  whole  surface  of  the  body, 
there  are  parts  of  the  skin  more  pecu- 
liarly destined  by  Nature  for  the  exer- 
cise of  Touch,  and  for  the  appreciation 
of  all  tiie  qualities  of  which  it  is  cog- 
nizant. Such  are  the  hands  and  tongue 
in  man,  the  proboscis  in  the  elephant, 
the  tail  in  some  of  the  monkey  tribes, 
and  the  tentacula  in  fishes.  This  was 
shewn  experimentally  by  Weber,  who 
found  that  the  points  of  a  pair  of 
compasses  required  to  be  separated 
only  half  a  line  to  produce  two  im- 
pressions on  the  tongue,  while  a  se- 
paration of  one  line  was  necessary 
for  the  tips  of  the  fingers,  of  ten  lines 
for  the  skin  of  the  forehead,  and  of 
thirty  for  that  of  the  middle  of  the 
arm.*  Now,  in  accordance  witli  the 
explanation  given  of  the  dependence 
of  sensation  upon  ncrvo^us  endowment, 

«  Muller's  Arcliiv,  1800,  p.  152.  | 


it  is  remarkable  that  all  the  parts 
destined  for  this  special  exercise  of 
Touch,  receive  the  most  abundant  sup- 
ply of  sensitive  nerves.    Thus,  the 
nerves  going  to  the  hand  and  arm, 
the  most  jjerfect  instruments  of  this 
sense  in  man,  have  their  dorsal  or 
sentient  roots  five  times  larger  than 
those  which  are  destined  to  produce 
motion ;   and,  in  like  manner,  the 
nerve  supplying  the  tactile  extremity 
of  the  proboscis  of  the  elephant,  ex- 
ceeds in  size  the  united  volume  of  all 
its  muscular  nerves.    On  the  other 
hand,  in  animals  covered  with  hair 
or  feathers,  whose  sense  of  Feeling 
is  comjjaratively  defective,  the  muscu- 
lar nerves  far  exceed  in  size  those  of 
sensation ;  and  wherever  Nature  has 
endowed  any  particular   part  with 
acute  sensibility,  she  is  invariably 
found  to  have  distributed  to  that  part, 
and  to  it  alone,  a  proportionally  high 
nervous  endowment.     In   man  the 
papillae  vary  in  size  in  different  parts 
of  the  body.    They  are  largest  and 
most  numerous  on  the  tongue,  the  fin- 
gers, the  palm  of  the  hand,  and  sole 
of  the  foot,  where  sensation  is  most 
acute ;  and  they  may  be  distinctly  seen 
on  the  hand,  running  in  irregular 
ridges,  each  ridge  containing  two  j)a- 
rallel  rows  of  jiaplUa!,  between  which 
are  the  ducts  of  the  perspiratory  glands 
(fig.  1,  d.)    On  the  skin  of  the  scalp, 
on  the  other  hand,  they  are  so  small 
and  wide  apart  that  Professor  Gurlt 
had  difficulty  in  detecting  them.  In 
fishes,  no  nervous  papillio  can  be  dis- 
covered on  the  surface  of  the  skin  ; 
but  many  of  them  have  tentacula  or 
projections  generally  about  the  mouth, 
for  the  special  purpose  of  exercising 
Touch,  and  these  are  always  plentifully 
supplied  with  branches  from  the  fifth 
pair  of  nerves. 

The  nervous  tissue  of  the  skin  is 
thus  not  only  an  important  instru- 
ment for  receiving  and  conveying  to 
the  mind  accurate  impressions  in  re- 
gard to  the  properties  of  external  ob- 
jects, but  it  is  even  essential  to  our 
continued  existence.  The  pain  which 
is  caused  by  injuries  is  no  doubt  very 
disagreeable  ;  but  in  its  uses  it  is 
a  positive  blessing,  by  warning  us 
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against  the  danger,  and  even  certain 
destruction,  which  would  speedily 
overtake  us  if  we  had  no  such  moni- 
tor at  hand.  If  there  were  no  nerves 
on  the  surface  to  communicate  to  us 
a  lively  impression  of  cold,  we  might 
inadvertently  remain  inactive  in  a 
temperature  which  would  not  only 
suspend  perspiration,  but  benumh  the 
powers  of  life;  or  we  might  approach 
so  near  the  fire  or  boiling  fluids,  as  to 
destroy  the  organization,  without  be- 
ing conscious  of  the  fact.  Whereas, 
through  the  kind  interposition  of  the 
nerves,  we  cannot,  when  perspiring 
freely,  be  exposed  to  the  cold  air, 
without  experiencing  an  unpleasant 
sensation,  which  impels  us  to  attend 
to  our  safety,  and  to  keep  up  our 
heat  either  by  additional  clothing 
or  by  active  exercise.  When  both 
the  nervous  and  the  vascular  parts  of 
the  skin  are  in  healthy  action,  there  is 
felt  over  the  body  a  pleasant  warmth, 
whicli  is  generally  accompanied  by  an 
agreeable  consciousness  of  active  exist- 
ence, the  very  opposite  of  the  low  and 
languid  depression  so  often  attendant 
upon  continued  defective  action  in  the 
skin. 

For  the  due  exercise  of  Sensation, 
the  nerves  must  be  in  a  proper  state 
of  health.  If,  for  example,  the  cuticle 
protecting  the  nervous  papilla;  be  ab- 
raded, or  removed  by  vesication,  the 
naked  nerves  will  be  too  powerfully 
stimulated  by  the  contact  of  external 
bodies,  and,  instead  of  receiving  and 
transmitting  the  usual  impressions  of 
heat,  cold,  hardness,  &c.,  they  will 
communicate  scarcely  any  feeling 
except  that  of  pain.  If,  on  the  other 
hand,  the  cuticle  become  thickened  by 
hard  labour,  the  impression  made  on 
the  nerves  will  be  proportionally  les- 
sened, and  little  information  be  con- 
veyed by  them  to  the  mind. 

1  have  already  remarked  that  a  due 
supply  of  arterial  blood  is  another  re- 
quisite for  the  action  of  the  nerves  of 
sensation,  and  that  if  they  be  deprived 
of  this  (as  by  exposing  the  body  to  a 
degree  of  cold  sufficient  to  drive  the 
blood  from  the  surface),  the  nerves 
will  become  almost  insensible,  and 
]  severe  wounds  mav  be  received  with- 


out the  individual  being  conscious  of 
the  accident,  or  feeling  the  slightest 
pain.  For  the  same  reason,  severe 
cold  ceases  after  a  certain  time  to  be 
painful,  and  death  ensues  like  deep 
sleep  and  without  suffering.  But  when 
a  frozen  limb  is  thawed,  and  the  re- 
turning circulation  begins  to  set  the 
nerves  in  action,  suffering  forthwith 
commences,  and  there  is  much  risk 
that  inflammation  will  arise  from  the 
over-action.  The  same  phenomena, 
in  an  inferior  degree,  must  be  fami- 
liar to  every  one,  in  the  tingling  so 
commonly  complained  of  on  heating 
cold  hands  or  feet  too  rapidly  at  a 
good  fire — a  symptom  produced  by  the 
return  of  the  blood  stimulating  the 
nerves  to  undue  action.  The  benumb- 
ing effects  of  cold  have  recently  been 
turned  to  practical  account  by  Dr 
James  Arnott  of  Brighton  in  perform- 
ing .some  of  the  minor  operations  of 
surgery.*  A  pig's  bladder  containing 
water  is  placed  over  the  intended  site 
of  the  opera cion,  and  ice  and  after- 
wards salt  are  gradually  added,  so 
that  the  temperature  may  be  slowly 
reduced,  in  order  to  guard  against  sub- 
sequent reaction.  Fifteen  or  twenty 
minutes  are  generally  sufficient  to 
produce  an  amount  of  insensibility 
capable  of  allowing  a  square  inch  of 
skin  to  be  dissected  off,  or  a  seton  to 
be  jiassed,  without  producing  pain ; 
but  future  experience  must  shew  if 
this  procedure  can  be  adopted  with- 
out fear  of  subsequent  inflammation 
fi'om  vascular  reaction. 

It  is  the  nervous  tissue  of  the  skin 
which  takes  cognizance  of  the  tem- 
perature of  surrounding  bodies,  and 
imparts  to  us  the  sensations  of  warmth 
and  coldness.  In  the  present  state  of 
our  physiological  knowledge,  we  can- 
not distinguish  any  difference  in  the 
physical  properties  of  the  sensitive 
nerves  which  supply  the  skin,  and 
those  which  confer  sensation  on  the 
muscles  and  other  internal  structures 
of  the  body.  But  the  experiments  of 
Weber  shew  that  some  difference  must 
exist ;  as  only  the  nerves  of  touch — 
that  is,  those  of  the  skin  and  mouth — 

*  Lanret,  July  22,  1S48. 
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are  capable  of  recognising  heat  and 
cold.  When  plates  of  metal,  heated  to 
different  degrees,  were  applied  to  a 
part  of  the  surface  of  the  body  where 
the  skin  bad  been  disorganized  by 
burns  and  its  restoration  was  still  in- 
complete, he  found  that  the  subject  of 
the  experiment  could  not  tell  whether 
the  metal  was  hot  or  cold,  although 
he  was  conscious  of  pain  when  its  tem- 
perature somewhat  exceeded  120°  F.* 
It  is  probable  that  this  difference  of 
the  power  of  sensation  arises  from  some 
modification  which  the  peripheral  ex- 
tremities of  the  cutaneous  nerves  un- 
dergo in  the  papillae. 

In  the  healthy  state,  the  sensation 
is  a  correct  index  of  the  real  tempera- 
ture ;  but  in  disease,  we  often  com- 
plain of  cold  and  shivering  when  the 
skill  is  positively  warmer  than  natu- 
ral. In  this  way,  people  whose  di- 
gestion and  circulation  are  feeble 
complain  habitually  of  cold,  and  of 
cold  feet,  where  others  experience  no 
such  sensations.  Exercise  dissipates 
this  feeling  by  exciting  the  functions 
of  respiration  and  circulation,  jiro- 
pelling  the  blood  to  the  surface,  and 
thereby  increasing  the  action  of  the 
cutaneous  vessels  and  nerves. 

Some  mental  emotions  affect  the  skin 
and  its  functions  much  in  the  same 
way  as  cold.  Thus  grief,  fear,  and 
other  depressing  passions,  diminish 
respiration  and  the  afflux  of  arterial 
blood,  and  consequently  render  the 
skin  pale,  check  perspiration,  and  im- 
pair nervous  action  ;  while  rage  and 
other  violent  passions,  by  augment- 
ing respiration  and  the  afflux  of 
blood,  elevate  the  temperature  of  the 
surface,  and  give  rise  to  the  red  flush, 
fulness,  and  tension,  so  characteristic 
of  excitement.  Sometimes,  indeed, 
the  effect  of  mental  emotions  on  the 
skin  is  so  great  as  to  induce  disease. 
In  speaking  of  impetigo,  Dr  Bateman 
mentions  two  gentlemen  in  whom  the 
eruption  arose  from  "  great  alarm  and 
agitation  of  mind  and  adds,  that  he 
"  witnessed  some  time  ago  the  extra- 
ordinary influence  of  mental  alarm  on 
the  cutaneous  circulation,  in  a  poor 

•*  Miiller's  ArcMv,  1849,  p.  273. 


woman  who  became  a  patient  of  tlie 
Public  Dispensar\'.  A  sudden  uni- 
versal anasarca  (dropsy  under  the 
skin)  followed,  in  one  ni<rht,  the  shock 
occasioned  by  the  loss  of  a  small  sum 
of  money,  which  was  all  she  possess- 
ed.'"* Facts  like  these  establish  a 
connection  between  the  brain  and  the 
skin,  which  it  is  important  not  to  over- 
look. 

The  reverse  influence  which  the 
condition  of  the  nervous  matter  dis- 
tributed over  tlie  surface  of  the  body 
exerts  on  the  rest  of  the  system  is  also 
well  known,  and  is  exeriiplified  in  the 
effects  of  exposure  to  intense  cold. 
The  first  sensation  of  chill  excited  in 
the  nerves  of  the  skin  is  quickly  suc- 
ceeded by  that  of  numbness  and  in- 
sensibility;  and  if  the  exposure  is 
continued,  the  impression  is  speedily 
communicated  to  the  brain,  and  con- 
fusion of  mind,  followed  ultimately 
by  death,  comes  on.  When,  on  the 
other  hand,  as  in  tropical  climates, 
the  surface  is  relaxed  by  excessive 
heat,  the  brain  speedily  participates  in 
the  relaxation,  and  the  mind  becomes 
unfit  for  sustained  or  vigorous  action. 

Invalids  and  litcrai-y  men  often 
suffer  severely  from  excess  of  action 
in  the  brain,  and  deficiency  of  action 
in  the  nerves  of  the  skin  and  remoter 
organs.  The  nervous  stimulus  and 
action  which  are  essential  to  digestion 
and  to  the  health  and  warmth  of  the 
skin,  cannot  be  kept  up  when  the 
brain  is  too  exclusively  exercised  in 
thinlving  or  feeling;  and  from  want 
of  a  sufficiency  of  this  stimulus  the 
tone  of  the  digestive  and  cutaneous 
organs  is  greatly  reduced  ;  the  sur- 
face of  the  body  becomes  cold,  shrunk, 
and  uncomfortable,  and  the  individual 
is  subject  to  annoyance  and  painful 
sensations  from  trifles  which  formei'ly 
gave  pleasure.  Bad  digestion  and 
deficient  warmth  of  surface  are  thus 
proverbially  complained  of  among 
literary  and  sedentary  persons,  and 
cannot  be  removed  without  exciting 
the  nervous  and  vasculiir  functions  of 
the  skin,  and  diminisliing  those  of  the 
brain, 

*  Bateman  on  Cutaneous  Bisenses,  p.  150. 
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Before  terminating  our  description 
of  the  skin,  it  is  proper  to  add  a  few 
words  on  its  ornamental  appendage, 
the  hair.  In  fig.  2,  page  43,  the  hair, 
c,  is  seen  originating  in  a  bulbous 
swelling,  d,  at  the  bottom  of  a  follicle 
deeply  implanted  in  the  skin,  a  b  c  f, 
and  frequently  penetrating  a  consider- 
able way  into  the  adipose  tissue  be- 
neath. It  receives  additions  to  its 
substance  by  the  bulb,  and  is  slowly 
pushed  upwards  as  the  fresh  deposit  is 
made  at  its  base.  Before  reaching  the 
surface  it  is  lubricated  by  the  secre- 
tions of  the  oil-glands,  h  i  k,  which,  as 
we  have  already  seen,  do  not  consti- 
tute an  independent  apparatus,  but 
are  always  associated  with  the  hair. 
The  size  of  the  glands  bears  no  con- 
stant relation  to  that  of  the  hair ;  they 
are  often  largely  developed  in  associa- 
tion with  the  finest  down,  as  on  the 
nose  and  female  lip.  In  enfeebled 
states  of  the  system  the  hair  is  apt  to 
become  dry  and  harsh  from  deficiency 
of  the  oily  secretion,  and  not  unfre- 
quently  falls  out  from  imperfect  nu- 
trition after  fevers  and  other  severe 
maladies.  In  advanced  life  the  hair 
of  the  scalp  is  often  lost  from  atrophy 
of  the  hair-tubes,  while,  on  the  con- 
trary, the  fine  downy  hairs  occasionally 
acquire  increased  development,  as  in 
the  beard  and  mustaches  which  some- 
times make  their  unwelcome  appear- 
ance on  the  female  face.  It  is  a  curi- 
ous fact  that  baldness  of  the  scalp  is 
much  more  frequent  in  men  than  in 
women  ;  one  cause  of  which,  probably, 
is  the  use  of  waterproof  hats,  which 
impede  the  exhalations  from  the  skin, 
and  so  derange  the  nutrition  of  the 
hair.  The  use  of  caps,  again,  may 
produce  the  same  effect  by  causing  re- 
laxation and  atrophy  of  the  hair-tubes. 
It  is  at  all  events  remarkable  that  the 
hair  is  generally  persistent  on  those 
parts  of  the  scalp  which  the  head-dross 
does  not  cover,  and  this  even  when 
the  rest  of  the  head  is  perfectly  bald. 


CHAPTER  V. 

CONDITIONS  OF  HEALTH  OF  THE  SKIN, 
AND  ITS  INFLUENCE  ON  THE  GLNE- 
RAL  SYSTEM. 

Prom  the  foregoing  exposition  of 
the  structure  and  functions  of  the  skin, 
the  principles  on  which  its  physiologi- 
cal management  should  bo  conducted 
will  be  sufliciently  api)arent.  But  as 
knowledge  becomes  valuable  only  in 
proportion  as  it  is  rendered  subservi- 
ent to  the  improvement  and  happi- 
ness of  man,  I  shall  offer  no  ajiology 
for  now  directing  the  attention  of  the 
i-eader  to  some  of  the  advantages  which 
may  be  derived  from  the  practical  ap- 
plication of  the  information  which  has 
just  been  communicated. 

Taking  the  natural  constitution  of  the 
skin  for  our  guide,  we  must  infer  that 
the  conditions  essential  to  its  healthy 
action  are,  first,  that  a  free  and  equal 
circulation  of  blood  shall  take  place 
over  every  part  of  its  surface  ;  secondly, 
that  a  free  and  equal  perspiration  shall 
be  kept  up  in  every  part,  in  due  re- 
lation to  the  circumstances  in  which 
the  individual  is  placed  ;  thirdly,  that 
the  residuum,  or  remains  of  the  per- 
spired matter,  and  all  external  impu- 
rities accidentally  deposited  on  the 
surface  of  the  body,  shall  be  scrupu- 
lously and  timeously  removed ;  and, 
lastly,  that  the  contact  of  noxious 
substances  likely  to  be  absorbed  by 
the  skin  should  be  carefully  avoided 
and  removed. 

As  the  means  which  are  most  effec- 
tual in  ensuring  a  free  and  equal 
circulation  of  blood  over  the  whole 
surface  of  the  skin,  are  at  the  same 
time  more  or  less  directly  etficacious  in 
keeping  up  a  due  degree  of  perspira- 
tion, and  in  remSving  impurities  from 
the  surface,  I  shall,  to  avoid  unneces- 
sary repetition,  treat  of  them  together, 
in  relation  to  all  these  purposes.  Those 
among  them  which  chiefly  require  our 
attention,  are  bodily  exercise,  suitable 
clothing,  friction,  and  bathing. 

The  temperature  of  the  surface  is  a 
pretty  good  test  of  the  state  of  the 
cutaneous  circulation  and  perspiration. 
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When  the  skin  is  comfortably  warm, 
its  depth  of  colour,  pleasant  softness, 
and  moisture,  indicate  that  the  blood 
circulates  freely  through  its  minuter 
vessels,  and  that  the  perspiration  is 
healthy  and  active.  When,  on  the 
other  hand,  the  surface  is  chilled  and 
pale,  we  may  be  sure  that  its  circula- 
tion is  inactive,  and  perspiration  de- 
ficient. Hence,  the  proper  regulation 
of  its  temperature  is,  in  one  sense,  the 
first  requisite  to  the  preservation  of 
its  health  ;  because  when  this  is  effect- 
ed, it  is  almost  infallibly  certain  that 
all  the  other  cutaneous  functions  are 
adequately  performed. 

The  influence  of  bodily  inactivity 
in  impairing  free  action  of  the  skin 
and  causing  a  sensation  of  chill,  is  both 
striking  and  easily  explained.  Ani- 
mal heat  proceeds  from  the  combina- 
tion (or,  as  it  may  be  termed,  the 
burning)  of  the  carbon  and  hydrogen 
of  the  blood  with  the  oxygen  of  the 
air  inhaled  during  respiration;  just 
as  heat  is  generated  during  the  more 
rapid  combustion  of  carbon  in  the  open 
air.  When  the  combustion  goes  on 
actively,  much  heat  is  of  course  gene- 
rated, and  the  body  becomes  warm. 
When  it  goes  on  slowly,  little  heat  is 
produced,  and  consequently  a  sensation 
©f  chill  is  felt.  But  in  the  animal 
system,  as  well  as  in  the  physical 
Mwld,  the  activity  of  the  combustion* 
depends,  first,  on  the  supply  of  fuel, 
and,  secondly,  on  that  of  pure  air. 
When  these  are  at  their  maximum, 
heat  is  generated  most  rapidly.  Now, 
speaking  in  a  general  sense,  the  food 
constitutes  the  fuel  necessary  for  the 
production  of  animal  heat,  and  which, 
after  being  converted  into  blood,  is  car- 
ried to  all  parts  of  the  body ;  while  the 
air  inhaled  in  breathing  is  the  source 
from  which  the  oxygen  necessary  for 
the  combustion  is  supplied.  Conse- 

*  The  term  combustion  does  not  here 
imply  the  direct  corabination  of  the  oxygen 
of  the  air  with  the  hydrosjen  and  carbon  of 
the  blood  to  form  water  and  carbonic 
acid.  Before  this  last  step  is  arrived  at,  a 
long  scries  of  intermediate  compounds  are 
formed,  >Yhich  are  classed  under  the  some- 
what vague  titleof  t/te  productsof  thechemico- 
vital  traiisformations  of  the  organism. 


quently,  whatever  gives  keenness  to 
the  appetite,  and  produces  free  and 
deep  respiration,  and  stimulates  the 
circulation  of  the  blood,  furnishes  all 
the  conditions  necessary  for  the  rajjid 
generation  of  animal  heat.  Mental 
excitement,  and  bodily  exercise  in  a 
pure  bracing  atmosphere,  are  pre- 
cisely the  circumstances  which  pro- 
duce the  effects  required ;  and  hence 
their  well-known  influence  in  promot- 
ing warmth,  health,  and  comfort.  On 
the  contrary,  whatever  impairs  the 
aijpetite,  obstructs  the  circulation,  or 
weakens  respiration,  tends  in  an  equal 
degree  to  lower  the  heat-producing 
power.    For  example,  all  these  effects 
follow  indulgence  in  mental  sloth  and 
bodily  inactivity,  and  breathing  an 
impure   air  ;    and  hence  the  chill 
and  impaired  digestion  which  are  so 
commonly  the  accompaniments  of  se- 
dentary habits.    Inadequate  clothing 
acts  somewhat  in  the  same  manner. 
The  heat-producing  power  of  the  body  1 
being  limited,  protection  by  clothing 
is  required  to  prevent  the  too  rapid 
dissipation  of  the  caloric  in  a  cold 
atmosphere  ;   and  consequently  the 
warmest  clothing  is  always  required 
when  the  calorific  power  is  most  feeble. 
This  is  the  reason  why  active  well-fed 
men,  living  much  in  the  open  air, 
are  capable  of  sustaining  uninjured, 
though  without  any  unusual  covering, 
a  degree  of  cold  almost  sufficient  to 
destroy  an  ill-fed  and  sedentary  ar- 
tisan, living  habitually  in  a  vitiated 
atmosphere. 

From  the  foregoing  general  ex- 
planation of  the  sources  of  animal  heat, 
and  their  close  dependence  on  the 
amount  of  exercise  and  nourishment, 
and  the  purity  of  the  respired  air,  the 
reader  will  easily  understand  the  im- 
portant bearing  which  the  same  condi- 
tions have  on  the  healthy  action  of  the 
skin,  and  will  perceive  why  a  person 
with  impaired  digestion,  or  insuffi- 
ciently supplied  with  food  and  exer- 
cise, should  suffer  habitually  from  a 
dry  chilly  skin  and  cold  feet ;  and  why 
a  genial  glow  and  soft  skin  should  be 
enjoyed,  when  the  mode  of  life  is  such 
as  to  fulfil  the  conditions  under  which 
only  they  can  occur.  Into  this  subject, 
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however,  I  rieed  not  enter  at  present, 
as  in  a  subsequent  chapter  I  shall  have 
occasion  to  treat  very  fully  of  exercise 
and  its  efl'ects  on  the  general  health. 
It  is  enough  in  the  mean  time  to  have 
indicated  that  regular  bodily  activity 
is  as  necessary  for  the  proper  perfor- 
mance of  the  functions  of  the  skin,  as 
for  the  due  action  of  all  other  parts  of 
our  organism. 

As  man  lives  in  an  atmosphere  gene- 
rally many  degrees  colder  than  his 
own  body,  the  means  of  preventing 
his  being  cooled  down  too  rapidly  are 
forcibly  pressed  on  his  attention  ;  and 
as  the  skin  is  the  most  exposed  part, 
these  means  must  apply  chiefly  to  its 
protection.  Hence  the  necessity  for 
clothing,  esjjecially  in  temperate  and 
cold  climates  ;  and  hence  the  influence 
of  unsuitable  or  inadequate  clothing  in 
impairing,  and  of  suitable  clothing  in 
protecting  and  restoring,  the  functions 
of  the  skin,  at  all  ages,  in  all  ranks  of 
society,  and  in  all  seasons.  In  in- 
fancy, and  especially  among  the  poor, 
want  of  proper  clothing,  and  the  con- 
sequent exposure  to  cold,  are  frequent 
causes  of  death,  and  still  more  fre- 
quent causes  of  sickness.  From  the  Re- 
porls  of  the  Registrar- General  of  Births, 
Deaths,  and  Marriages  in  England  for 
1838-9,  confirmed  by  the  subsequent 
returns,  it  appears  that  one-third  of  all 
the  deaths  registered,  or  3-t3  per  1000, 
occur  under  three  years  of  age.  On 
inquiry,  it  is  found  that  the  propor- 
tion of  such  deaths  among  the  f)oor  is 
far  greater  than  among  the  middle 
and  richer  classes.  A  very  influential, 
although  by  no  means  the  only,  cause 
of  this  excess  among  the  poor,  is  the 
inadequate  protection  aflforded  to  the 
new-born  infant  against  the  effects  of 
the  sudden  transition  which  it  makes 
in  passing  from  a  high  and  almost  un- 
varying temperature  in  the  mother's 
womb,  to  one  greatly  inferior  and  con- 
stantly liable  to  change.  But  this  phy- 
sical difference  is  of  small  consequence 
when  compared  with  that  which  en- 
sues in  the  vital  actions  of  the  body. 
Hitherto  the  temperature  of  the  in- 
fant has  been  supported  by  thechemico- 
vital  metamorphoses  of  the  moi'ier, 
but  now  it  is  suddenly  called  upon  to 


generate  its  own  heat.  For  this  pur- 
pose a  new  set  of  vital  actions,  of  which 
respiration  is  the  chief,  is  immediately 
called  into  play.  At  first,  however, 
the  powers  of  life  are  feeble,  and  few 
animals,  as  has  been  shewn  by  Dr 
Edwards,  are  capable  at  birth  of  sus- 
taining their  temperature  unaided. 
The  skin,  from  prolonged  contact  with 
a  warm  medium,  is  then  extremely 
delicate  and  vascular,  and  highly  sus- 
ceptible of  impressions — so  much  so, 
that  cases  have  occurred  in  which  a 
leech-bite  has  caused  a  fatal  ha3mo- 
rrhage.  The  circulation  is,  in  fact,  in  a 
great  measure  cutaneous ;  for  the  lungs, 
the  stomach,  the  liver,  and  the  kidneys, 
arc  as  yet  newly  brought  into  activity, 
and  feeble  in  their  functions.  If  tlie 
infant,  then,  be  rashly  exposed  to  a 
cold  atmosphere,  the  mass  of  blood 
previously  circulating  on  the  surface 
of  the  body  is  immediately  driven 
inwards  by  the  contraction  of  the 
cutaneous  vessels,  and,  by  deranging 
the  action  of  the  internal  organs,  gives 
rise  to  fever,  bowel-complaints,  infiam- 
raation,  croup,  or  convulsions,  which 
sooner  or  later  extinguish  life.  Hence 
warm  and  light  clothing  is  indispen- 
sable in  infancy,  and  especially  during 
the  winter  and  spring  mouths ;  and 
if,  under  a  groundless  expectation  of 
hardening  the  constitution,  the  infant 
be  daily  plunged  into  cold  water  at 
that  tender  age,  or  rashly  exposed  to 
the  open  air  during  very  cold  weather, 
or  to  currents  from  doors  or  windows, 
the  consequences  can  scarcely  bo  other- 
wise than  injurious. 

In  my  Treatise  on  the  Physiological 
and  Moral  Management  of  Infancy,  I 
have  entered  into  some  details  in  proof 
of  the  great  influence  of  cold  on  infant 
mortality,  and  particularly  of  that 
arising  from  a  iaw  in  France,  which 
requires  newly-born  children  to  be 
carried  to  the  oflice  of  the  maire  to  be 
registered — a  custom  which  I>r  Ed- 
wards has  shewn  to  be  productive  of 
a  rate  of  mortality  directly  propor- 
tioned to  the  coldness  of  the  season 
and  climate,  and  to  the  distance  which 
the  infant  is  carried  from  the  parent's 
house.  What  more  striking  proof  than 
this  can  be  required  of  the  evils  arising 
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fi'om  the  igaorance  of  legislators  in 
regard  to  the  constitution  of  the  human 
body  ?  No  man  who  understood  phy- 
siology could  over  have  sanctioned  a 
law,  the  practical  effect  of  which  is  to 
consign  annually  so  many  victims  to 
an  untimely  grave.  The  influence  of 
cold  on  a  large  scale  is  strikingly 
shewn  by  the  statistical  researches  of 
M.  Herrmann  on  the  mortality  of 
Russia,  where,  according  to  him,  of 
every  100  deaths,  no  less  than  60  are 
those  of  infants.  ^M.  Quetelet  likewise 
has  pointed  out,  that  in  Belgium  two 
infants  die  in  January  for  one  that 
dies  in  July.* 

JIany  parents,  however,  from  over- 
anxiety  to  avoid  one  form  of  evil,  run 
blindfold  into  another  scarcely  less 
pernicious,  and  not  only  envelop  in- 
fants in  innumerable  folds  of  warm 
clothing,  but  keep  them  confined  to 
very  hot  and  close  rooms.  It  would 
be  well  for  them  to  recollect  that  ex- 
tremes are  always  hurtful,  and  that 
the  constitution  may  be  enfeebled,  and 
disease  induced,  by  too  much  heat  and 
clothing,  and  too  close  an  atmosphere, 
as  efl'ectually  as  by  cold  and  currents 
of  air.  The  skin,  thus  opened  and 
relaxed,  perspires  too  easily,  and  is 
readily  affected  by  the  slightest  varia- 
tions of  temperature ;  whence  arise 
those  very  colds  and  other  ailments 
wliich  it  is  the  chief  intention  to  guard 
against,  while  the  internal  organs,  be- 
ing at  the  same  time  deprived  of  their 
fair  proportion  of  blood,  become  en- 
feebled, and  afford  inadequate  nourish- 
ment and  support  to  the  rest  of  the 
body. 

But  it  is  not  in  infancy  alone  that 
sickness  and  mortality  arise  from  the 
habitually  imperfect  regulation  of  the 
temperature  of  the  skin.  In  youth, 
and  especially  during  the  debility 
arising  from  rapid  growth,  the  proper 
regulation  of  the  clothing  demands 
more  attention  than  is  generally  be- 
stowed on  it.  Many  delicate  children 
Buffer  in  winter  from  being  allowed  to 
go  about  within-doors  with  bare  necks, 

>'*  Nouveaux  Eluraens  d  Hygiene,  par 
Chnrles  Londe,  3d  ed.,  vol.  i.,  p.  47.  Paris, 
1847. 
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arms,  and  legs ;  although  their  deli- 
cate appearance  furnishes  ample  in- 
dication of  the  mischief  thus  produced, 
and  their  frequent  attacks  of  illness 
might  prove  a  warning  even  to  unre- 
flecting parents.  This  plan  is  resorted 
to  by  way  of  hardening  the  consti- 
tution, and  instances  of  very  robust 
children  so  treated  are  pointed  to  as 
proofs  of  its  success.  But  the  parent 
too  often  overlooks  the  fact  that  such 
children  generally  derive  their  vigour 
from  the  possession  of  an  originally 
sound  constitution,  and  that  it  is  this 
circumstance  alone  which  enables  them 
to  withstand,  and  perhaps  even  derive 
benefit  from,  the  exposure  to  which 
they  are  subjected.  15ut  it  is  a  very 
different  thing,  and  the  results  are 
very  different,  when  we  apply  the  same 
discipline  to  a  child  of  feeble  stamina. 
Instead  of  strengthening  its  constitu- 
tion, we  are  much  more  likely  to  bring 
about  its  premature  death,  or  at  all 
events  to  increase  its  delicacy  and 
liability  to  disease. 

A  similar  error  from  a  similar  mo- 
tive is  often  committt'd  at  a  later  age 
by  young  people  themselves.  I  have 
known  many  young  persons,  of  both 
sexes,  under  this  delusion  go  habitu- 
ally about  in  winter  and  in  cold  weather 
with  a  dress  light  and  airy  enough  for 
a  northern  summer.  They  thought 
it  manly  and  becoming  to  do  so ;  but 
those  who  were  not  very  strongly  con- 
stituted suffered  a  severe  penalty  for 
their  folly.  The  necessary  effect  of  a 
deficient  circulation  in  the  skin,  is,  as 
we  formerly  said,  to  throw  a  dispro- 
portionate mass  of  blood  inwards ;  and 
when  this  condition  exists,  insufficient 
clothing  perpetuates  the  evil,  internal 
disease  is  generated,  and  health  is  per- 
haps irrecoverably  lost  before  any  ap- 
prehension of  dangcT  is  felt.  Insutfi- 
cient  clothing  not  only  exposes  the 
wearer  to  all  the  risk  of  sudden  changes 
of  temperature,  but  is  still  more  dan- 
gerous (because  in  a  degree  less  marked, 
and  therefore  less  apt  to  excite  atten- 
tion till  the  evil  be  incurred),  when  of 
that  kind  which,  while  it  is  warm 
enough  to  guard  the  body  against  ex- 
treme cold,  is  inadequate  to  preserve  the 
skin  at  its  natural  heat.   Many  youths 
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— particularly  females,  and  those  whose 
occupations  are  sedentary— pass  days, 
and  weeks,  and  months,  without  over 
experiencing  the  pleasant  glow  and 
warmth  of  a  healthy  skin,  and  are 
habitually  complaining  of  chilliness  of 
the  surface,  cold  feet,  and  other  symp- 
toms of  deficient  cutaneous  circulation. 
Their  suffering,  unfortunately,  does 
not  stop  here  ;  for  the  unequal  distri- 
bution of  the  blood  and  lowered  vitality 
too  often,  by  insensible  degrees,  lay  the 
foundation  of  tubercles  in  the  lungs, 
and  of  other  maladies,  which  shew 
themselves  only  when  arrived  at  an 
incurable  stage.  Young  jjersons  of  a 
consumptive  habit  will  genei-ally  be 
found  to  complain  of  this  increased 
sensibility  to  cold,  and  to  exhibit  the 
usual  symptoms  of  internal  congestion 
and  impaired  nutrition,  even  before 
they  become  subject  to  those  slight 
catarrhal  attacks  which  are  so  often 
the  immediate  precursors,  or  rather 
the  first  stages,  of  pulmonary  consump- 
tion. All  who  value  health,  and  have 
common  sense  and  resolution,  will 
therefore  take  warning  from  signs  like 
these,  and  never  rest  till  equilibrium 
of  action  be  restored.  For  this  pur- 
pose, warm  clothing,  exercise  in  the 
open  air,  and  regular  daily  friction 
with  a  hair-glove  or  flesh-brush,  are 
excellently  adapted,  and  should  be 
diligently  pursued. 

It  is  true  that  in  youth  the  skin  has 
a  more  vigorous  constitution  than  in 
infancy  ;  and  that  the  several  animal 
functions  being  now  more  equally  bal- 
anced, tlie  system  is  less  susceptible  of 
disorder  from  external  causes,  and  can 
endure  with  impunity  changes  of  tem- 
perature which  at  either  an  earlier  or 
a  more  advanced  age  wouldhavei^roved 
highly  injurious.  It  is  true,  also,  that 
the  activity  and  restless  energy  of 
youth  tend  to  keep  up  a  free  and  equal 
circulation  even  in  the  remotest  parts 
of  the  body,  and  that  this  free  circula- 
tion tends  in  its  turn  to  maintain  an 
equality  of  temperature  in  them  all. 
Cold  bathing  and  lighter  clothing, 
therefore,  may  now  be  resorted  to  with 
a  rational  prospect  of  advantage,  pro- 
vided they  be  properly  regulated  and 
duly  proportioned  to  the  state  of  the 


individual.  But  when,  from  a  weak 
constitution  or  unusual  susce2)tibility,  the 
skin  is  not  endowed  with  sufficient  vitalitif 
to  originate  the  necessary  reaction  which 
alone  renders  these  means  safe  and  pro- 
per, — when  they  produce  an,  abiding 
sense  of  chilliness,  however  slight  in 
degree, — we  may  rest  assured  that  mis- 
chief will  inevitably  follow  at  a  greater 
or  shorter  distance  of  time  from  persever- 
ing in  their  use ;  and  accordingly  we 
should  at  once  either  modify  or  discon- 
tinue them. 

In  seminaries  for  the  young,  and  es- 
pecially in  boarding-schools,  great  mis-  I 
chief  is  often  inflicted  from  inattention 
to  this  guiding  principle.     I  have  | 
known  many  instances  in  which  deli-  i 
cate  young  girls  have  suffered  seriously 
and  permanently  from  being  confined 
to  cold  rooms  in  winter,  with  little  or 
no  fire,  and  with  nothing  beyond  their 
ordinary  in-door  clothing,  and,  at  the 
same  time,  on  account  of  the  weather,  |  , 
not  allowed  any  active  exercise  in  the 
open  air  by  which  their  natural  heat 
could  be  increased.    The  consequence 
has  been  a  state  of  habitual  suffering 
during  many  months  of  the  year,  a 
lowered  tone  of  health,  a  retarded  de- 
velopment of  the  constitution,  a  cold 
paleness  of  the  surface  and  extremities, 
often  accompanied  by  chilblains,  and  a 
spiritless  languor  of  mind,  which  forms 
a  striking  contrast  to  the  natural  vi- 
vacity of  youth.    These  evils,  too,  it 
is  well  to  remark,  are  not  inflicted  from 
design,  or  even  from  carelessness.  In 
most  instances  they  spring  from  igno- 
rance alone,  and  from  a  wish  to  harden 
the  constitution,  which  they  are  in  re- 
ality calculated  to  destroy.    In  board- 
ing-schools for  boys,  I  have  known  the 
same  pernicious  principles  acted  upon, 
and  with  lamentable  consequences;  but 
in  them  the  evil  is,  to  some  extent, 
counteracted  by  the  restlessness  and 
craving  for  active  exercise  in  the  open 
air,  which  at  that  age  can  scarcely  be 
repressed  under  any  system  of  prohibi- 
tive discipline.  A  moderate  acquaint- 
ance with  physiologj'  on  the  part  of 
teachers  Avould  save  them  from  this 
destructive  error. 

Habitual  coldness  of  the  feet  is  an- 
other source  of  suff  ering  and  bad  health. 
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both  in  schools  and  in  general  society  ; 
and  in  both  it  arises  chiefly  from  in- 
activity or  indolence.    Sedentary  fe- 
males, literary  men,  clerks,  &c.,  almost 
invariably  suffer  from  this  cause  ;  and, 
in  schools,  even  the  young  suffer  from 
not  being  allowed  sufficient  exercise  in 
active  sports  to  circulate  their  blood. 
The  formal  boarding-school  walk  of 
half  an  hour  or  an  hour  on  fine  days, 
is  a  mere  didl  shadow  of  what  exercise 
ought  to  be  in  youth,  and  is  of  no  avail 
in  infusing  warmth  and  vigour  into 
chilblained  hands  and  feet.    The  pro- 
duction of  heat  stands  in  direct  rela- 
tion to  the  absorption  of  oxygen  by  the 
lungs  and  the  quantity  of  carbonic  acid 
and  water  thrown  off  by  them  and 
the  skin.    Valentin  has  shewn  by  ex- 
periment that  slow  sauntering  exei-- 
cise  does  not  increase  the  pulmonary 
and  cutaneous  excretions,  and  conse- 
quently that  it  does  not  favour  the 
vital  metamorphoses  on  which  the  pro- 
duction of  the  animal  heat  depends.'* 
But  of  this  subject  I  shall  have  occa- 
sion to  speak  again  in  another  chapter. 
In  the  mean  time,  I  shall  only  caution 
the  reader  as  to  the  use,  or  rather  abuse, 
of  artificial  means  for  supporting  the 
temperature  of  the  body,  and  in  par- 
ticular of  warm-water  bottles  now  so 
commonly  resorted  to,  to  impart  heat 
to  the  feet  when  in  bed.  Like  all  other 
substitutes  for  the  operations  of  nature, 
warm  bottles  fail  in  the  jjurpose  for 
which  they  are  used,  and  tend  to  ag- 
gravate the  evil.    Instead  of  promot- 
ing a  healthier  circulation  through  the 
vessels  of  the  feet,  they  weaken  by  re- 
laxlnar  them,  and  leave  them  less  able 
than  before  to  generate  natural  heat. 
Every  body  admits  that  a  warm  foot- 
bath used  every  evening  is  relaxing 
and  hurtful.    Now  a  hot-water  bottle 
in  contact  with  the  feet  for  hours  every 
night  acts  on  precisely  the  same  prin- 
ciple, and  proves  scarcely  less  injuri- 
ous.  By  the  irregularity  of  circulation 
which  it  brings  about,  it  induces  flush- 
ing and  headach,  while  it  does  not 
correct  the  cause  of  the  coldness  of  the 
feet.    In  females,  accordingly,  it  often 
produces  a  local  weakness  and  dis- 

*  Lehrbuch,  vol.  i.,  p.  279. 


charge  altogether  incompatible  with 
health.  To  remove  such  coldness,  ex- 
ercise, friction,  and  proper  attention 
to  diet  and  to  the  bowels,  are  the  most 
effectual  means ;  and.  In  addition  to 
these,  the  use  of  the  cold  salt  water 
foot-bath,  for  two  or  three  minutes  at 
a  time,  once  or  even  twice  a-day,  will 
be  very  serviceable,  by  invigorating 
the  circulation,  and  exciting  a  healthy 
reaction  similar  to  the  glow  which 
comes  on  after  sea-bathing.  But  to 
effect  this  in  very  languid  constitutions, 
the  physician  generally  finds  it  neces- 
sary to  enjoin  a  smart  walk  Immedi- 
ately after  the  foot-bath.  It  Is  to  the 
reaction  induced  by  exercise  after  the 
application  of  cold,  that  hydropathy  is 
indebted  for  many  of  its  cures.  The 
only  legitimate  use  of  hot- water  bottles 
is  to  air^or  moderately  warm  the  sheets, 
by  placing  two  or  three  of  them  in 
different  parts  of  the  bed  late  in  the 
afternoon,  and  having  them  removed 
at  least  an  hour  before  going  to  bed. 
But  even  this  indulgence  should  be  re- 
sorted to  only  in  aid  of  better  means, 
and  when  there  Is  positive  necessity 
for  external  warmth.  The  plan  of  go- 
ing to  sleep  with  the  feet  in  contact 
with  a  warm  bottle  is  a  very  bad  one, 
and  ought  never  to  be  adopted  as  a 
habit. 

The  inactivity  Implied  in  a  seden- 
tary mode  of  life  leads  to  another 
abuse,  against  which  every  one  should 
guard.  I  allude  to  the  overheating  of 
sitting  and  bed-rooms  by  large  fires  or 
stoves.  External  heat  thus  applied 
invariably  diminishes  the  heat-pro- 
ducing power  of  the  animal  system, 
and,  as  a  necessary  consequence,  ren- 
ders it  more  and  more  dependent  on 
external  warmth  at  the  expense  of  In- 
creasing debility  and  susceptibility  of 
cold.  AVe  shall  afterwards  see  that 
the  power  of  generating  heat  Is  much 
greater  in  winter  than  In  summer,  and 
that  Nature  has  thus  endowed  the  or- 
ganism with  the  means  of  accommo- 
dating itself  to  the  change  of  seasons. 
But  if  the  body  be  accustomed  to  de- 
pend too  much  on  an  artificial  tem- 
perature, its  power  of  generating  heat 
is  weakened,  and  it  becomes  unable  to 
resist  the  effects  of  exposure,  ilany 
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persons,  when  cautioned  on  this  sub- 
ject, triumphantly  point  to  a  thermo- 
meter in  the  room  as  indicating  a 
temperature  of  perhaps  only  65°.  But 
this  is  a  fallacious  test.    There  is  a 
great  difference  between  an  equable 
temperature  of  65°  diffused  through  the 
whole  air  as  in  summer,  and  a  corres- 
ponding temperature  ui  a  part  of  any 
room,  the  air  of  which  is  rapidly  and 
constantly  changing.   To  raise  the  ther- 
mometer of  such  a  room  to  65°  in 
winter,  at  the  distance  of  10  or  15  feet 
from  the  fire,  we  must  have  a  heat  of 
perhaps  75°  nearer  the  fire,  and  a 
large  quantity  of  heat  must  be  radi- 
ated from  it,  and  directly  absorbed  by 
the  body.    In  a  room  warmed  by  a 
large  fire,  too,  there  is  constantly  a 
strong  current  of  air  rushing  towards 
the  chimney,  to  which  we  have  no 
parallel  in  the  equable  temperature  of 
a  summer-day.    But  the  air  thus  en- 
tering the  room  from  without  is  neces- 
sarily colder  by  very  many  degrees 
than  the  air  contained  in  it;  so  that, 
to  keep  the  thermometer  steadily  at 
65°,  we  must  maintain  a  fire  large 
enough  to  instantly  warm  that  large 
mass  of  cold  air.    To  succeed  in  this, 
however,  the  fire  must  be  such  as  to 
throw  out  by  radiation  and  contact  a 
quantity  of  heat  far  beyond  what  is 
present  in  the  same  quantity  of  air  at 
the  same  apparent  heat  in  summer, 
and  by  this  radiated  heat  the  body 
is  scorched  and  relaxed.    AVhereas  in 
summer,  the  walls,  the  furniture,  and 
the  air  of  the  room  being  all  at  an 
equilibrium  of  heat,  no  such  current 
or  rapid  loss  is  going  on.    The  conse- 
quence is,  that  any  one  in  winter 
coming  from  the  open  air  into  a  room 
of  a  temperature  of  65°  at  ten  feet 
from  the  fire,  will  be  apt  to  exclaim, 
How  overheated   the  room  is  ! — al- 
though those  who  are  accustomed  to  it 
may  affirm  the  contrary,  and  point  for 
proof  to  the  thermometer.    This  sen- 
sation of  overheating  is  not  the  result 
of  tlie  mere  transition  ;  for  no  length 
of  time  Avill  make  the  warmth  agree- 
able to  a  healthy  person  of  active 
habits,  and,  practically,  those  who  in- 
dulge in  the  warmth  certainly  sutfer 
all  the  evils  arising  from  overheated 


rooms.  I  have  so  often  observed  this 
that  I  can  sjieak  on  the  subject  with 
confidence.  For  invalids  confined  to 
the  house  it  is  a  matter  of  much  im- 
portance ;  and  as  a  general  rule,  I  con- 
sider a  thermometrical  temperature  of 
55°  in  winter  in  a  bed-room  or  sitting- 
room,  where  there  is  a  current  of  air, 
as  fully  equal  to  a  steady  temperature 
of  65°  in  summer,  and  consequently 
quite  as  high  as  ought  ever  to  be  in- 
dulged in.* 

For  a  similar  reason,  while  suffi- 
ciency of  clothing  is  attended  to,  ex- 
cessive wrapping  up  must  be  as  care- 
fully avoided.  Great  differences  in 
the  power  of  generating  heat  and  re- 
sisting cold  exist  in  different  indivi- 
duals, and  it  would  be  absurd  to  apply 
the  same  rules  to  those  who  never  feel 
cold,  as  to  those  who  are  peculiarly 
sensitive.  The  former  may  bo  bene- 
fited by  cold  bathing  and  degrees  of 
exposure  which  would  be  fatal  to  the 
latter.  Much,  then,  depends  on  the 
natural  constitution  of  the  individual 
and  much  on  habit ;  and  the  effects  of 
habit  may  even,  it  appears,  in  some  de- 
gree become  hereditary.  Thus,  Mr  Dar- 
win mentions  that  at  a  harbour  of  Tierra 
del  Fuego,  "  a  woman,  who  was  suck- 
ling a  recently-born  child,  came  one 
day  alongside  the  vessel,  and  remained 
there  out  of  mere  curiosity,  whilst  the 
sleet  fell  and  thawed  on  her  naked 
bosom,  and  on  the  skin  of  tlie  naked 
baby."f    But  the  effect  of  such  ex- 

*  The  method  usual  in  this  country  of 
heating  rooms  by  open  firiplaccs,  is  liable 
to  many  objections.  Tlu^y  occasion  such 
strong  dr.Tughts  of  cold  .lir  from  the  door 
and  windows  that  an  cqu;vble  temperature 
cannot  be  maint:iiued  ;  while  the  consump- 
tion of  fuel  is  unnecessarily  great,  from  the 
escape  by  the  chimney  of  the  larger  portion 
of  the  heat  evolved.  But  as  our  houses 
are  generally  constructed  without  any  pro- 
vision for  ventilation,  these  errors  in  heat- 
ing are  in  some  degree  compensated  by  the 
incidental  tliough  imperfect  introduction  of 
fresh  air.  For  full  details  on  the  subject 
we  refer  to  a  small  work  entitled  "  Practi- 
cal Ventilation,  &c.,  by  Robert  Scott  Burn ; " 
Edin.  1350. 

t  Darwin's  Journal  of  Researches  into 
the  Natural  History  and  Geology  of  the 
Countries  visited  during  the  "Voyage  of  tiie 
Beagle,  p.  213.    London,  1845. 
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posure  is  to  produce  a  hideous  race, 
stunted  in  tlieir  growth,  which  "  one 
can  hardly  make  oneself  believe  are 
fellow-creatures,  and  inhabitants  of 
the  same  world.  "  The  rule  is,  there- 
fore, not  to  dress  in  an  invariable  way 
in  all  cases,  but  to  put  on  clothing  in 
kind  and  quantity  sufficient  in  the  indi- 
vidual case  to  protect  the  body  effectually 
from  an  abiding  sensation  of  cold,  how- 
ever slight.  Warmth,  however,  must 
not  be  sought  for  in  clothing  alone, 
which,  it  ought  to  bo  remembered, 
serves  but  to  retain  heat,  not  to  gene- 
rate it.  The  source  of  the  animal  heat 
lies  in  the  metamorphoses  which  the 
food  and  the  tissues  of  the  body  are  in- 
cessantly undergoing,  and  the  Creator 
has  made  exercise  essential  as  a  means 
to  produce  the  healthy  performance  of 
these  metamorphoses.  Consequently,  if 
we  neglect  exercise  and  seek  warmth 
in  clothing  alone,  wo  act  at  the  risk,  or 
rather  with  the  certainty,  of  weaken- 
ing the  body,  relaxing  the  surface, 
and  rendering  the  sy.stem  extremely 
susceptible  of  injury  from  the  slightest 
accidental  exposures,  or  variations  of 
temperature  and  moisture.  Many  good 
constitutions  are  thus  ruined,  and  many 
nervous  and  pulmonary  complaints 
brought  on,  to  embitter  existence,  and 
to  reduce  the  sufferer  to  the  level  of  a 
hot-house  plant. 

Female  dress  errs  in  one  important 
particular,  even  when  unexceptionable 
in  material  and  quantity.    From  the 
tiglitness  with  which  it  is  made  to  fit 
on  the  upper  part  of  the  body,  not  only 
is  the  insensible  perspiration  injudi- 
ciously and  hurtfully  confined,  but  that 
free  play  between  the  dress  and  the 
skin,  which  is  so  beneficial  in  gently 
stimulating  the  latter  by  friction  at 
every  movement  of  the  body,  is  alto- 
gether prevented,  so  that  the  action  of 
the  cutaneous  nerves  and  vessels,  and 
consequently  the  heat  generated,  are 
rendered  less  than  what  would  result 
from  the  same  dress  more  loosely  worn. 
Every  part  and  every  function  are  thus 
linked  so  closely  with  the  rest,  that 
we  can  neither  act  wrong  as  regards 
one  organ  without  all  suffering,  nor 
act  rightly  without  all  sharing  in  the 
benefit. 
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We  can  now  appreciate  the  manner 
in  which  wet  and  cold  feet  are  so  pro- 
lific of  internal  disease,  and  the  cruelty 
of  fitting  up  schools  and  similar  places 
without  making  adequate  provision  for 
the  welfare  of  their  young  occupants. 
The  circumstances  in  which  wet  and 
cold  feet  are  most  apt  to  cause  disease, 
are  those  where  the  person  remains 
inactive,  and  where,  consequently, 
there  is  nothing  to  counterbalance  the 
unequal  flow  of  blood  which  then  takes 
place  towards  the  internal  2)arts  ;  for 
it  is  well  known  that  a  person  in 
ordinary  health  may  walk  about  or 
work  in  the  open  air  with  wet  feet  for 
hours  together  without  injury,  pro- 
vided he  put  on  dry  stockings  and 
slioes  immediately  on  coming  home. 
It  is  therefore  not  the  mere  state  of 
wetness  that  causes  the  evil,  but  the 
check  to  perspiration  and  the  unequal 
distribution  of  blood  to  which  the  ac- 
companying coldness  gives  rise.  I  am 
acquainted  with  an  instance  in  which 
a  robust  and  healthy  tradesman,  by 
incautiously  standing  when  in  a  state 
of  profuse  perspiration,  in  the  sea  for 
five  minutes  in  repairing  a  steam-boat, 
brought  on  severe  constitutional  dis- 
turbance, followed  by  pulmonary  dis- 
ease, which  confined  him  to  the  house 
during  the  whole  of  four  winters. 
Twenty-three  years  after  the  cause  was 
applied, although  his  health  was  gradu- 
ally improving,  he  still  suffered  from 
cough  and  breathlessness,  and  re- 
mained very  susceptible  of  cold  and 
illness  from  every  trifling  exposure. 
This  person  instantly  shifted  himself 
on  coming  out  of  the  water,  which  at 
the  time  he  had  been  led  to  believe 
was  a  sufficient  precaution.  ]5ut  had 
he  known  something  of  his  bodily 
constitution,  he  would  have  seen  the 
danger  before  he  exposed  himself  to 
it,  and  would  have  escajied  the  heavy 
suffering  which  his  ignorance  brought 
upon  him. 

The  risk  of  injury  from  cold  is  very 
much  increased  when  there  has  been 
much  previous  exercise,  followed  by 
exhaustion  of  the  vital  powers.  Hence 
the  danger  incurred  by  sportsmen 
from  wading  and  getting  chilled  after 
hard  exercise,  and  by  tourists  in  ex- 
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posing  themselves  on  the  summits  of 
mountains  after  a  fatiguing  ascent. 
We  are  acquainted  with  a  gentleman 
who,  for  the  sake  of  saving  a  detour 
of  a  few  miles,  swam  across  a  lake 
after  much  previous  exercise  in  shoot- 
ing, and  then  waited  on  the  shore  for 
his  less  daring  companions.  The  con- 
sequence was  an  attack  of  rheumatic 
fever  which  confined  him  to  bed  for 
many  months,  and  the  severity  of  which 
made  his  recovery  long  appear  hope- 
less. 

The  preceding  ohservations  refer 
chiefly  to  the  quantity  and  fitting  of 
the  clothing  ;  but  the  material  of  ivhich 
it  is  comiwsed  is  also  a  consideration 
of  much  importance.  The  principal 
requisites  are,  that  the  dress  shall  be, 
Is*,  as  light  as  possible ;  2dly,  a  bad 
conductor  of  heat,  so  as  to  afford  pro- 
tection against  sudden  changes  of  tem- 
perature ;  and,  ^dly,  of  so  porous  a 
nature  as  to  admit  of  the  easy  passage 
of  the  insensible  perspiration.  Of  the 
various  kinds  of  clothing  in  common 
use,  none  presents  these  advantages 
combined  in  so  high  a  degree  as  flan- 
nel ;  and  consequently,  as  a  general 
rule,  no  other  material  can  equal  it  in 
suitableness  for  being  worn  in  contact 
with  the  skin,  which  it  is  our  chief 
object  to  protect. 

The  advantages  of  wearing  flannel 
next  the  skin  have  been  long  and  fa- 
miliarly known,  and  they  are  easily 
explicable  on  the  principles  above  ex- 
pounded. Being  a  bad  conductor  of 
heat,  flannel  prevents  that  of  the  ani- 
mal economy  from  being  quickly  dis- 
sipated, and  protects  the  body  in  a 
considerable  degree  fromtlie  injurious 
influence  of  sudden  external  changes. 
From  its  presenting  a  rough  and  un- 
even though  soft  surface  to  the  skin, 
every  movement  of  the  body  in  labour 
or  in  exercise,  gives,  by  the  consequent 
friction,  a  gentle  stimulus  to  the  cu- 
taneous vessels  and  nerves,  which 
assists  their  action,  and  maintains  their 
functions  in  health  ;  and,  being  at  the 
same  time  of  a  loosa  and  porous  tex- 
ture, it  is  capable  of  giving  a  readier 
passage  to  the  cutaneous  exhalations 
than  any  other  material  in  common 


use — while,  from  the  cellulated  struc- 
ture of  the  fibre  of  the  wool,  its  tissue 
does  not  become  saturated  with  mois- 
ture, as  is  the  casewith  linen,  whenever 
there  is  a  flow  of  perspiration.  In 
some  very  delicate  constitutions,  how- 
ever, it  proves  too  irritating  to  the 
skin,  and  in  hot  climates  is  apt  to 
excite  too  great  a  flow  of  perspiration. 
In  the  former  case,  fine  fleecy  hosiery, 
and  in  the  latter,  cotton,  will  in  gene- 
ral be  easily  endured,  and  will  greatly 
conduce  to  the  preservation  of  health. 

Many  are  in  the  custom  of  waiting  till 
winter  has  fairly  set  in  before  begin- 
ning to  wear  flannel.    This  is  a  great 
error  in  a  variable  climate  like  ours, 
especially  when  the  constitution  is  not 
robust.   It  is  during  the  sudden  changes 
from  heat  to  cold,  tohich  are  so  ccnnmon  in 
antiimn,  before  the  frame  has  got  inured 
to  the  reduction  of  temperature,  that 
protection  is  most  tvanted,  and  flannel 
is  most  useful ;  and  also  during  the 
sudden  transitions  in  spring.    Even  in 
summer  the  temperature  at  different 
times  of  the  day,  and  the  degrees  of 
exercise  in  which  we  are.  engaged, 
are  so  very  different,   that  flannel 
is  then  scarcely  less  valuable  as  a 
protection   than   during  the  colder 
months  of  the  year.    Towards  sunset 
the  air  often  becomes  so  cold  in  sum- 
mer after  a  very  warm  day,  as  to  cause 
a  sudden  chill  to  those  who  are  not  on 
their  guard  against  it.    This  is  a  fre- 
quent occurrence  even  in  the  climates 
of  France  and  Italy,  from  the  moisture 
which  is  then  condensed  by  the  cooling 
of  the  air  ;  and  hence  invalids  ought 
to  be  particularly  cautious  not  to  ex- 
pose themselves  at  this  time,  as  the 
chilled  skin  becomes  a  ready  vehicle 
for  the  absorption  of  miasmata.  Upon 
the  whole,  therefore,  I  am  disposed  to 
recommend  persons  of  a  delicate  con- 
stitution not  to  leave  off  the  use  of 
flannel  even  in  summer,  but  rather, 
if  they  find  it  too  warm,  to  wear  it 
over  the  shirt,  instead  of  under,  as  in 
winter.    This  will  modify  its  effects, 
and  at  the  sa7ne  time  scarcely  impair 
its  power  of  protecting  against  sudden 
changes. 

The  advantages  of  flannel  as  a  pre- 
servative from  disease,  in  warm  as 


ADVANTAGES  OF  WEARING  FLANNEL. 


63 


well  as  in  cold  climates,  are  now  so 
well  understood,  that  in  the  army  and 
navy  its  use  is  cogently,  and  with  the 
greatest  propriety,  insisted  on.  Sir 
George  Ballingall,  in  his  valuable 
Lectures  on  Military  Surgery  (p.  92), 
has  some  very  judicious  remarks  on 
the  influence  of  warm  clothing  in  pre- 
serving the  health  of  soldiers.  After 
adducing  the  testimony  of  Sir  James 
Macgrigor,  to  shew  that  in  the  Penin- 
sula the  best-clothed  regiments  were 
generally  the  most  healthy,  Sir  George 
mentions  that  when  in  India,  he  had 
himself  a  striking  proof  of  the  utility 
of  flannel  in  checking  the  progress  of 
a  most  aggravated  foiun  of  dysentery  in 
the  second  battalion  of  the  Royals.  In 
like  manner,  Captain  Murray,  late  of 
II. M.S.  Valorous,  told  me,  that  he  was 
so  strongly  impressed  by  former  ex- 
perience with  a  sense  of  the  efficacy 
of  the  protection  afforded  by  the  con- 
stant use  of  flannel  next  the  skin,  that 
when,  on  his  arrival  in  England  in 
December  1823,  after  two  years'  ser- 
vice amid  the  icebergs  on  the  coast  of 
Labrador,  the  ship  was  ordered  to  sail 
immediately  for  the  West  Indies,  he 
directed  the  purser  to  draw  two  extra 
flannel  shirts  and  pairs  of  drawers  for 
each  man,  and  instituted  aregular  daily 
inspection  to  see  that  they  were  worn. 
These  precautions  were  followed  by 
the  happiest  results.  He  proceeded 
to  his  station  with  a  crew  of  150  men  ; 
visited  almost  every  island  in  the 
West  Indies,  and  many  of  the  ports 
in  the  Gulf  of  Jlexico ;  and,  notwith- 
standincc  the  sudden  and  extreme  tran- 
sitions  from  climate  to  climate,  re- 
turned to  England  without  the  loss  of 
a  single  man,  or  having  any  sick  on 
board  when  he  arrived.  It  would  be 
going  too  far  to  ascribe  this  excellent 
state  of  health  solely  to  the  use  of  flan- 
nel ;  but  there  can  be  little  doubt  that 
this  was  one  of  the  chief  causes  of 
Captain  Murray's  success.  Far,  how- 
ever, from  trusting  to  it  alone,  he  was 
as  careful  in  guarding  against  other 
sources  of  disease  as  against  varia- 
tions in  temperature;  and  with  this 
view  every  jjrecaution  was  at  the  same 
time  used,  by  lighting  stoves  between 
decks  and  scrubbing  with  hot  sand,  to 


ensure  the  most  thorough  dryness,  and 
projier  means  were  put  in  practice  to 
promote  cheerfulness  among  the  men. 
When  in  command  of  the  Recruit  ccun- 
brig,  which  lay  about  nine  weeks  at 
Vera  Cruz,  the  same  measures  pre- 
served the  health  of  his  crew,  when 
the  other  ships  of  war,  anchored 
around  him,  lost  irom  twenty  to  fifty 
men  each. 

That  the  superior  health  enjoyed  by 
the  crew  of  the  Valorous  was  attribut- 
able chiefly  to  the  means  employed  by 
their  humane  and  intelligent  com- 
mander, is  shewn  by  the  analogy  of  the 
Recruit ;  for  although  constant  com- 
munication was  kept  up  between  this 
vessel  and  the  ships  in  which  sickness 
prevailed,  and  all  were  exposed  to  the 
same  external  causes  of  disease,  yet 
no  case  of  sickness  occurred  on  board 
of  it.  Facts  like  these  are  truly  in- 
structive, by  proving  that  man  pos- 
sesses much  power  of  protecting  him- 
self from  injury,  when  he  has  received 
the  necessary  instruction,  and  chooses 
to  adapt  his  conduct  to  the  circum- 
stances in  which  he  is  placed. 

In  further  corroboration  of  the  uti- 
lity of  flannel  in  preserving  health,  I 
may  quote  the  following  remarks  by 
the  late  Dr  Hope  of  London.  "  For 
eight  or  ten  years,"  says  he,  "  I  have 
been  in  the  habit  of  asking  the  ques- 
tion of  all  respectable  patients  of  ro- 
bust constitution,  who  had  been  at- 
tacked with  pleurisy, peripneumony,or 
acute  rheumatism,  whether  they  were 
in  the  habit  of  wearing  flannel  or  not : 
to  which  they  generally  answered  in 
the  negative — the  common  reason  as- 
signed being  that  they  were  so  much 
exposed  that  they  could  not  venture  to 
pamper  themselves.  I  recently  put 
the  same  question  to  a  London  physi- 
cian, and  he  gave  the  same  answer 
with  a  smile  and  '  ily  dear  friend,  it  is 
impossible,  &c.'  He  was  attacked 
with  rigors  the  same  uight,  and  had 
a  severe  rheumatic  fever.  I  do  not 
quote  the  poorer  classes,  for  they  al- 
most universally  are  deterred  from 
wearing  flannel  by  the  expense,  and  it 
is  notorious  that  they  are  sulycct  to 
acute  inflammations  of  all  kinds  in  a 
much  greater   pi'oportion  than  the 
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higher  classes.  Flannel  is  also  highly 
heneficial  to  chronic  affections  of  the 
mucous  memhrane  of  tlie  lungs."* 

"When,  from  any  reason,  flannel  or 
fleecy  hosiery  cannot  be  worn  next  the 
skin,  cotton  should  he  preferred  to 
linen  as  a  substitute.  In  summer,  it  is 
true,  the  latter  feels  much  cooler  and 
fresher;  but  from  this  very  quality, 
which  arises  from  its  being  a  good  con- 
ductor of  heat,  it  is  less  serviceable  in 
protecting  the  body  from  chills.  Besides, 
owing  to  the  porous  nature  of  its  fibre, 
it  greedily  imbibes  the  moisture  of  the 
perspiration,  and  forms  a  damp  cover- 
ing to  the  body,  which  readily  abstracts 
the  heat  from  the  surface,  and  produces 
an  unpleasant  feeling  of  cold.  Checked 
perspiration  ensues,  possibly  to  be  fol- 
lowed by  inflammatory  colds  or  rheu- 
matism. These  evils  may  in  a  great 
measure  be  guarded  against  by  wear- 
ing flannel  outside  the  linen  ;  but  when 
this  is  objected  to,  as  will  generally  be 
the  case  in  warm  climates,  the  best  and 
most  convenient  substitute  will  be  found 
in  cotton,  which  possesses  the  com- 
bined advantages  of  being  a  bad  con- 
ductor of  heat,  and  of  not  imbibing 
moisture  with  the  same  facility  as  linen. 
Consequently  the  risk  of  chill  is  very 
much  diminished.  Silk  has  likewise 
been  recommended  as  a  convenient 
and  pleasant  substitute  for  flannel  next 
the  s-kin  :  it  has  the  advantages  of 
being  a  bad  conductor  of  heat,  and 
having  a  smaller  disposition  to  absorb 
moisture  than  even  cotton.  Its  greater 
price,  however,  is  an  obstacle  to  its 
general  adoption  ;  while  in  very  sen- 
sitive persons  it  is  said  to  prove  a 
source  of  irritation,  and  to  produce 
cutaneous  eruptions.! 

With  regard  to  the  upper  clothing, 
it  is  impossible  to  lay  down  any  fixed 
rules  :  all  that  can  properly  be  said  is, 
that  it  sliould  be  light,  free,  and  un- 
restrained, and  in  such  quantity  as  to 
afford  the  necessary  protection  without 
relaxing  the  surface  too  much.  It 
ought,  therefore,  to  vary,  not  only  ac- 

•  Notes  on  Cbronic  Pleurisy,  by  the  late 
James  Hope.  M.D.;  Med.-Cliir.  liev.,  Julj 
1841,  p.  3110. 

t  Wilson  on  the  Skin,  I'd  cJ.,  p.  140. 


cording  to  the  season  and  the  weather, 
but  according  to  the  active  or  passive 
state  of  the  w-earer.  As  active  exer- 
tion is  favourable  to  the  production  of 
animal  heat,  less  clothing  is  necessary 
for  walking  than  for  driving  or  sailing. 
For  this  reason  we  see  the  labourer 
strip  in  proportion  to  the  severity  of 
his  toil,  while  the  passive  female  in  a 
well-hung  carriage  lolls  wrapped  up 
in  cloaks  and  furs.  But  when  over- 
heated by  exercise,  we  should  be  care- 
ful not  to  throw  aside  our  wrappings 
too  suddenly  after  coming  home.  The 
safest  way  is  to  saunter  about  the  room 
for  a  few  minutes  till  the  natural  heat 
be  attained,  and  then  to  throw  off  the 
superfluous  covering ;  or  when  the  ex- 
ercise has  been  severe  and  the  under 
garments  are  wet  with  perspiration, 
it  is  better  at  once  to  change  them 
before  a  chill  ensues.  [Many  suffer  from 
neglecting  these  jJrecautions.andblame 
the  walking  out  for  the  cold  which 
they  caught  rather  after  their  return. 
In  likemanner,  many  injure  themselves 
in  severe  weather  by  getting  cliilled 
before  going  out,  and  trusting  to  sub- 
sequent exercise  to  restore  their  heat; 
whereas  going  out  already  cold  is  the 
surest  way  to  got  thoroughly  chilled, 
and  to  be  hurt  by  it.  Those  resist 
external  cold  best  who  leave  the  house 
comfortably  warm,  and  with  an  active 
state  of  the  cutaneous  circulation. 

To  a  certain  extent  the  colour  of  the 
clothing  must  modify  its  power  of  pre- 
serving the  warmth  of  the  body  ;  but 
its  heat-retaining  quality  is  so  much 
more  dependent  on  the  texture  than 
on  the  colour  of  the  garments,  that  the 
consideration  of  colour  is  not  one  of 
much  practical  importance. 

In  aid  of  the  third  requisite  of  cloth- 
ing— that  it  should  be  sufficiently  por- 
ous to  give  easy  passage  to  the  insen- 
sible perspiration,  and  sufficiently  ab- 
sorbent to  take  up  a  considerable 
portion  of  moisture  when  sweating  is 
induced, — it  is  necessary  that  whatever 
is  worn  should  be  frequently  changed, 
ventilated,  and  washed,  to  free  it  from 
the  impurity  necessarily  arising  from 
so  constant  and  extensive  an  exhala- 
tion from  the  skin.    In  the  case  of 
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flannel,  for  example,  it  is  an  excellent 
plan,  instead  of  wearing  the  same  gar- 
ment for  several  successive  days,  either 
to  change  it  very  frequently,  or  to 
make  use  of  two  sets  of  flannel,  each 
being  worn  and  aired  by  turns  on 
every  alternate  day.  A  frequent 
change,  liowever,  is  certainly  the  pre- 
ferable arrangement.  For  the  same 
reason,  a  practice  common  in  Italy 
merits  universal  adoption.  Instead  of 
beds  being  made  up  in  the  morning 
the  moment  they  are  vacated,  and 
while  still  saturated  with  the  noctur- 
nal exhalations,  which, before  morning, 
even  become  sensible  to  smell  in  a  bed- 
room, the  bed-clothes  are  thrown  over 
the  backs  of  chairs,  the  mattresses 
shaken  up,  and  the  window  thrown 
open  for  the  greater  part  of  the  day, 
so  as  to  secure  a  thorough  and  cleans- 
ing  ventilation.  This  practice,  so  con- 
sonant to  reason,  imparts  a  freshness 
which  is  peculiarly  grateful  and  con- 
ducive to  sleep  ;  and  its  real  value  may 
be  inferred  from  the  well-known  fact, 
li  that  the  opposite  practice,  carried  to 
an  extreme — as  in  the  dwellings  of  the 
poor,  where  three  or  four  beds  are 
often  huddled  up  with  all  their  impu- 
rities in  a  small  room — is  a  plentiful 
source  of  fever  and  bad  liealth,  even 
where  there  is  no  deficiency  of  nourish- 
ment or  of  ventilation  during  the  day. 
In  the  abodes  of  the  poor  Irish  residing 
in  Edinburgh,  I  have  seen  bedding  for 
fourteen  persons  spread  over  one  floor 
not  exceeding  twelvefeet  square:  when 
morning  came  the  beds  were  huddled 
one  above  another  to  make  sitting- 
room  during  the  day,  and  at  night  they 
were  again  laid  down,  charged  with  ac- 
cumulated exhalations.  If  fever  were 
not  to  appear  in  such  circumstances,  it 
would  be  indeed  marvellous  ;  and  we 
ought  to  learn  from  this,  that  if  the 
I  extreme  be  so  injurious,  the  lesser  de- 
gree implied  in  the  prevalent  practice 
cannot  be  wholesome,  and  therefore 
should  not  be  retained  when  it  can  be 
so  easily  done  away  with. 

The  exhalation  from  the  skin  is 
composed  of  about  986  parts  of  water 
and  14  of  animal  and  mineral  sub- 
stances per  1000 ;  or,  assuming  the 
water  exhaled  in  :24  hours  to  amount  | 


to  25-5  ounces,  the  proportion  of  ani- 
mal matter  excreted  in  the  Siuno  time 
would  be  about  2  drachms,  and  of  inor- 
ganic salts  about  41  grains.  The  an  imal 
matter  consists  principally  of  butyric 
and  other  fatty  acids,  of  lactic  and 
acetic  acids,  partly  free  and  partly  in 
combination  with  ammonia,  and  of 
some  ill-defined  extractive  matter  con» 
taining  sulphur  ;  the  inorganic  ingre- 
dients are  chiefly  common  salt  and  the 
earthy  phosphates,  with  minute  quan- 
tities of  ammoniacal  salts.  The  ex- 
creted matter  differs  in  composition 
in  dift'erent  regions  of  the  body.  When 
pure  it  is  slightly  acid,  and  has  a  slight 
odour,  which  becomes  very  perceptible 
when  a  number  of  individuals  are 
crowded  together.  This  odour  varies 
in  different  animals,  and  accordingly 
by  its  means  we  readily  distinguish 
whether  we  are  in  the  neighbourhood 
of  a  flock  of  sheep,  a  herd  of  cattle,  or 
a  troop  of  horses.  In  man  the  per- 
spiration, when  mixed  with  the  secre- 
tion of  the  sebaceous  follicles,  fre- 
quently becomes  alkaline,  and  then  ac- 
quires a  strong,  and  in  some  indivi- 
duals a  very  offensive  smell,  which,  of 
course,  is  most  perceptible  where  the 
sebaceous  follicles  abound,  as,  for  in- 
stance, in  the  armpits.  Frequent  ablu- 
tion of  such  parts  is  thus  necessary  for 
the  sake  of  personal  cleanliness,  as  well 
as  to  avoid  being  offensive  to  others.  It 
cannot  fail  to  be  remarked  how  small 
the  proportion  of  animal  matter  ex- 
creted by  the  skin  is  to  that  of  the 
water,  and  some  will  feel  at  a  loss  to 
reconcile  the  results  obtained  by  che- 
mistry with  tlie  undoubted  import- 
ance of  the  cutaneous  excretion.  lJut 
it  is  our  limited  knowledge  which  is 
here  at  fault.  We  have  already  seen 
how  retention  of  the  perspiration  af- 
fects the  chcmico-vital  metamorphoses ; 
and  we  know,  moreover,  that  many 
animal  principles,  when  introduced 
into  the  blood  even  in  the  smallest 
quantities,  produce  most  violent  dis- 
turbance of  the  animal  functions. 
It  is  probable  that  poisons  of  a  simi- 
lar nature  are  produced  during  the 
transformation  of  the  tisssues,  and  that 
those,  if  retained  in  the  system,  would 
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act  most  injuriously  upon  it.  The 
deleterious  action  of  concentrated  ani- 
mal effluvia  gives  countenance  to  this 
view ;  while  the  objection,  that  the 
existence  of  such  poisons  has  never 
been  proved  by  the  chemist,  can  be 
made  only  by  those  who  are  ignorant 
of  the  difficulties  which,  in  the  pre- 
sent state  of  our  knowledge,  attend 
such  investigations. 

The  frequent  removal  of  the  saline 
and  animal  residue  of  the  jjerspira- 
tion  from  the  skin  becomes,  then,  an 
indispensable  condition  of  health,  the 
observance  of  which,  particularly  in 
eai'ly  life,  wjien  waste  and  nutrition 
are  both  very  active,  prevents  the 
appearance  of  the  cutaneous  diseases 
otherwise  so  common  in  infancy.* 
Not  only,  therefore,  is  daily  wash- 
ing of  the  body  required  at  that  and 
indeed  at  every  age,  but  frequent 
change  of  clothing  is  also  essential ; 
and  for  this  reason  it  is  much  to  be 
wished  that  a  plan  of  washing  the 
clothes  of  the  poor  at  a  cheap  rate, 
were  universally  adopted.  The  trouble, 
time,  and  expense,  imposed  upon  the 
mother  of  a  family  among  the  work- 
ing classes  in  washing  and  drying  the 
clothes  of  its  individual  members,  are 
so  great  as  to  pr&sent  an  almost  irre- 
sistible temptation  to  the  neglect  of 
cleanliness ;  ajjd  when  we  wonder  at 
the  dirt  and  uisorder  of  a  labourer's 
house,  we  are  too  apt  to  forget  the 
disadvantages  under  which  its  inmates 
are  placed,  and  the  cost  of  toil  and 
money  at  which  cleanliness  is  obtained 
where  there  are  several  children  to  be 
taken  care  of,  and  cooking  and  other 
household  operations  to  be  conducted 
at  the  same  time.  Hence,  among  the 
poorer  classes  in  large  towns,  want  of 
cleanliness  prevails  to  a  very  great  ex- 
tent, and  proves  highly  injurious  to 
both  health  and  morality.  Actuated 
by  such  considerations  as  these,  a  few 
benevolent  individuals  in  Liverpool 
combined,  a  few  years  ago,  to  hire 
and  fit  up  a  cellar  in  a  convenient 
situation,  with  the  requisite  boilers, 
tubs,  and  drying  stoves,  where  the 

*  See  tlie  .author's  work  on  the  Manage- 
ment of  Infancy,  7th  ed.,  p.  80. 


poor  might  have  the  means  of  wash- 
ing their  bed  and  body  clothes  at  an 
exceedingly  trifling  expense  of  both 
time  and  money  ;  and  after  several 
years'  trial  the  results  have  been 
most  encouraging.  Not  only  have 
the  poor  been  eager  to  avail  them- 
selves of  the  privilege  thus  held  out 
to  them,  but  numerous  instances- 
have  occurred  in  which  the  spread  of 
disease  was  arrested,  and  health  and 
character  were  restored,  by  the  habits  • 
of  cleanliness  and  self-respect  thus- 
fostered.  The  example  has  been  fol- 
lowed with  the  best  success  in  London, 
Manchester,  and  various  other  large 
towns  in  England  ;  and  there  is  every 
reason  to  hope  that  ere  long  a  similar 
plan  will  be  carried  into  execution 
in  the  different  districts  of  every  con- 
siderable town,  and  will  even  be  ex-- 
tended  to  country  villages. 

But  if  the  frequent  change  andl 
washing  of  clothes  are  essential  to  ■ 
the  health  of  the  skin  by  removi?>g 
the  saline  and  animal  impurities  de- 
posited upon  them  by  the  perspiration, 
it  is  equally  certain  that  frequent 
bathing  or  washinj  of  the  skin  is  not : 
less  indispensable  to  remove  the  im-  - 
purities  adhering  to  its  surface,  and' 
which,  if  allowed  to  accumulate,  would  ■ 
tend  to  obstruct  its  pores,  impede  its- 
functions,  and  disturb  its  health.  It' 
is  apparently  for  this  reason  that,  in 
the   eastern  and  warmer  countries, 
where  perspiration  is  very  copious, 
ablution  and  bathing  have  assumed, 
the  rank  and  importance  of  religious - 
observances.    Those  who  are  in  the 
habit  of  using  the  flesh-brush  daily, 
are  at  first  surprised  at  the  quantity, 
of  white  dry  scurf  which  it  brings- 
off;  and  those  who  take  a  warm  bath 
for  half  an  hour  at  long  intervals, 
cannot  have  failed  to  notice  the  great 
amount  of  impurities  which  it  re- 
moves, and  the  grateful  feeling  of 
comfort  which  its  use  imparts.'*  The 

*  Valentin  obtained,  by  currying  a  horso 
weighing  943  lbs.,  on  one  day  01  grains  ol 
epidermic  scales,  mixed  witli  some  brolien 
pieces  of  hair  und  residue  of  perspiration, 
iind  on  the  following  day  65  grains. — 
Lehrbuch,  vol.  i.,  p.  622. 
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warm,  tepid,  cold,  or  shower  bath, 
as  a  means  of  preserving  health, 
ought  to  be  in  as  common  use  as  a 
;  change  of  apparel,  for  it  is  equally  a 
measure  of  necessary  cleanliness.  Many, 
no  doubt,  neglect  this,  and  enjoy  health 
notwithstanding  ;  but  many,  very 
many,  suffer  from  its  omission,  and 
even  the  former  would  be  benefited 
by  employing  it.  The  perception  of 
this  truth  is  gradually  extending,  and 
baths  are  now  to  be  found  in  fifty 
places  for  one  in  which  they  could  be 
obtained  twenty  years  ago.  In  many 
of  our  large  towns  baths  for  the  work- 
ing classes  have  been  established  along 
with  the  washing-houses,  and  the  op- 
j  portunities  thus  afforded  of  cultivat- 
'  ing  habits  of  personal  cleanliness  have 
been  seized  on  with  avidity.'"'-  To 
such  an  extent  has  this  been  the  case 
that  the  Corporation  of  Liverpool  has 
already  seen  fit  to  vote  an  expendi- 
ture of  £40,000  for  these  erections ; 
£16,000  has  been  laid  out  for  a  similar 
purpose  by  the  parish  of  St  Martins- 
in-the-Fields  in  London,  and  a  cor- 
respondingly large  sum  by  the  parish 
of  Marylebone,  while  other  metropoli- 
tan bodies  are  preparing  to  follow  in 
the  same  path.  The  movement  is  thus 
rapidly  spreading,  and  promises  to  be 
productive  of  the  greatest  benefit  to 
'  the  health  and  morality  of  the  work- 
I  ing  population.  In  the  use  of  the 
bath,  however,  the  middle  and  upper 
classes  in  this  country  are  greatly 
behind  the  corresponding  classes  in 
France.  This  will  at  once  be  evident 
on  comparing  the  bathing  accommoda- 
tion afforded  in  the  two  countriee.  For 
instance,  in  the  year  1845  Paris  con- 
tained for  the  public  use  2709  baths, 
in  different  establishments  tiiroughout 
the  city,  and  1059  portable  baths  for 
I  the  use  of  invalids  and  others  who 
preferred  using  them  in  their  own 
houses  ;  t  +  while  JEdinburgh,  on  the 

»  Nearly  300,000  baths  were  taken  in 
the  first  j  car  in  the  Goulston  Street  and  St 
Martin's  establishments  in  London. 
I      t  Levv,  TraitC  d'Hygicne,  vol.  ii.,p.  G79. 

t  It  is  calculated  that  2,110,300  baths 
are  taken  annually  in  Paris,  at  an  average 
cost  of  60  centimes  or  6d.  per  bath,  besides 
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other  hand,  has  only  three  bathing 
establishments,  containing  altogether 
under  40  baths,  and  the  thriving  city 
of  Aberdeen,  with  a  population  of 
65,000  in  1841,  had  no  public  warm 
fresh  water  bath  till  1851,  when  an 
old  church  was  converted  into  a  bath- 
ing establishment  containing  19  hot 
and  cold  baths  on  the  upper  floor  and 
a  largo  swimming  bath  below.  For- 
merly the  opportunities  enjoyed  by 
the  working  classes  also,  of  using  the 
warm  bath,  were  greater  in  France 
than  in  England,  but  the  establishment 
of  the  Baths  and  Wash-houses  has  of 
late  years  turned  the  scale.  This  jire- 
eminence,  however,  may  be  but  tem- 
porary, as  the  French  Government, 
with  a  laudable  desire  to  promote  the 
formation  and  development  of  insti- 
tutions which  are  for  the  benefit  of 
the  people,  after  sending  M.  Pinede 
to  collect  information  regarding  the 
English  establishments,  has  appointed 
a  commission  to  prepare  a  bill  for  in- 
stituting public  baths  and  wash-houses 
for  the  industrious  classes. 

When  we  consider  the  importance 
of  the  exhaling  functions  performed 
by  the  skin,  it  seems  almost  incredible 
that  ablution  and  bathing  of  every  de- 
scription should  be  so  much  neglected 
in  charitable  institutions,  in  semi- 
naries for  the  young,  and  even  by 
many  persons  who  consider  themselves 
patterns  of  cleanliness.  Mr  Stuart, 
in  speaking  of  the  North  Americans, 
remarks  tliat  "  tlie  practice  of  tra- 
vellers washing  at  the  doors,  or  in  tlie 
porticos  or  stoops,  or  at  the  wells  of 
taverns  and  hotels  once  a-day,  is  most 
prejudicial  to  health ;  the  ablution  of 
the  body,  which  ought  never  to  be  ne- 
glected, at  least  tivice  a-daij  in  a  hot 
climate,  being  altogether  inponsistent 
with  it."  "  In  fact,"'  he  adds, "  I  have 
found  it  more  difficult  in  travelling  in 
the  United  States,  to  procure  a  liberal 
supply  of  water  at  iiU  times  of  the  day 
and  night  in  my  bed-chamber,  than  to 
obtain  any  other  necessary.  A  supphj 
for  washing  the  face  and  hands  once 
a-day  seems  all  that  is  thought  requi- 

those  which  are  given  gratis  in  the  hospi- 
tals. 
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site."*  This  state  of  matters  still  con- 
tinues pretty  nearly  the  same,  except 
in  the  groat  Atlantic  cities,  where 
some  degree  of  improvement  has  taken 
place.  But  had  as  it  is,  I  fear  that 
numbers  of  sensible  people  may  he 
found  much  nearer  home,  who  limit 
their  ablutions  to  the  visible  parts  of 
tlieir  persons,  and  would  even  express 
sui-prise  if  told  that  more  than  this  is 
necessary  to  health.  Certain  it  is 
that  many  never  wash  their  bodies  un- 
less they  happen  to  be  at  sea-bathing 
quarters  in  summer,  or  are  oppressed 
with  heat,  when  they  will  resort  to 
bathing  as  a  means  of  comfort,  but 
without  thinking  at  all  of  its  efficacy, 
as  a  means  of  cleanliness,  in  preserving 
health.  In  many  public  charities  and 
schools,  iu  like  manner,  bathing  or 
ablution  is  never  thought  of  as  a  pro- 
per or  practicable  thing,  except  for 
the  sick;  and  yet  it  is  obviously  of 
great  importance  to  every  one,  espe- 
cially to  the  young,  t  These  facts 
shew  that  there  is  quite  as  much  truth 
as  sai-casm  in  the  remark  of  a  medical 
journalist,  that  "  we  every  day  see 
whole  families  purged  and  vomited 
by  the  order  of  their  physicians,  but 
rarely  or  never  do  we  hear  of  their 
being  recommended  to  wash  their 
skins."J 

For  general  use,  the  tepid  or  warm 
bath  seems  to  me  much  more  suitable 
than  the  cold  bath,  especially  in  win- 
ter, and  for  those  who  are  not  robust 
and  full  of  animal  heat.    AVhere  the 

Tliree  Years  in  America,  vol.  ii.,  p.  440. 
t  Wiiile  revising  tbcse  pages,  I  have 
learned  from  a  friend  the  particulars  of  a 
case  strikingly  illustrative  of  the  necessity  of 
attending  to  the  condition  of  the  skin,  and  of 
the  sympathy  subsisting  between  it  and  the 
bowels.  A  lady,  who  is  in  other  respects 
very  cleanly  in  her  habits,  has  never  been 
accustomed  to  the  use  of  the  bath,  or  to 
general  ablution  of  any  kind,  and,  in  conse- 
quence, the  action  of  the  skin  is  very  im- 
perfect. As  a  substitute,  however,  for  its 
exhalation,  she  has,  all  her  life,  been  affect- 
ed with  bow  el- complaint,  which  no  treat- 
ment, directed  to  the  bowels,  has  been  able 
to  remove.  It  is  probable  that  the  natural 
course  of  the  exhalation  could  not  now  be 
restored. 

J  Jledico-Chirurg.  Rev.,  No.  LXVI.  p.  523. 


constitution  is  not  vigorous  enough 
to  secure  reaction  after  the  cold  bath, 
as  indicated  by  a  warm  glow  over  the 
surface,  its  use  inevitably  does  harm. 
A  vast  number  of  persons,  especially 
of  those  leading  a  sedentary  life,  are 
in  this  condition  ;  while,  on  the  con- 
trary, there  are  few  indeed  who  do 
not  derive  evident  advantage  from  the 
regular  use  of  the  tepid  bath,  and  still 
fewer  who  are  hurt  by  it. 

Where  the  healtli  is  good,  and  the 
bodily  powers  are  sufficiently  vigor- 
ous, the  cold  bath  during  summer,  and 
the  shower-bath  in  winter,  may  serve 
every  purpose  required  from  them. 
But  it  should  never  be  forgotten  that 
they  are  too  powerful  in  their  agency 
to  be  used  with  safety  by  every  one, 
especially  in  cold  weather.  In  pro- 
portion as  cold  bathing  is  influential 
in  the  restoration  of  health  when  judi- 
ciously used,  it  is  hurtful  when  re- 
sorted to  without  discrimination;  and 
invalids  therefore  should  never  have 
recourse  to  it  without  the  sanction  of 
their  professional  advisers. 

Even  where  cold  bathing  is  likely  , 
to  be  of  service  when  judiciously  em- 
ployed, much  mischief  often  results 
from  continuing  the  immersion  too 
long.  I  once  met  with  a  case  of  this 
kind  in  a  boy  of  fifteen  years  of  age, 
who  became  nearly  insensible  from  re- 
maining half  an  hour  in  the  sea,  while 
bathing  at  Portobello :  it  was  some 
days  before  he  was  sufficiently  restored 
to  be  considered  out  of  danger.  Even 
in  the  most  vigorous  subjects,  pro- 
longed immersion  is  very  apt  to  be 
followed  by  injurious  effects;  and  the 
danger  is  greater  the  lower  the  tem- 
perature of  the  water.  On  plunging 
into  moderately  cold  water,  a  comfort- 
able feeling  follows  after  the  first 
shock  has  subsided  ;  and  if  the  bather 
quit  the  water  before  this  stage  passes 
away,  the  whole  surface  of  the  body 
will  soon  be  overspread  with  a  genial 
glow.  But  if  immersion  be  farther 
prolonged,  the  blood  is  driven  in  upon 
the  internal  organs,  the  nervous  energy 
is  depressed,  and,  reaction  being  pre- 
vented, injurious  consequences  will 
probably  ensue. 

The  experiments  of  Chossat  have 
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shewn  that  in  a  large  proportion  of 
chronic  diseases  tlie  immediate  cause 
of  death  is  the  reduction  of  the  tem- 
perature of  the  body.  This  is  the  case 
in  starvation.  Life  continues  so  long  as 
the  body  yields,  through  absorption  of 
its  tissues,  a  supply  of  fuel  for  the  pur- 
pose of  respiration ;  but  when  this  is 
exhausted  the  temperature  falls,  and 
death  ensues.  The  energy  with  which 
the  vital  functions  are  performed  thus 
stands  in  a  direct  relation  to  the  tem- 
perature of  the  body,  and  consequently 
decreases  v.ith  the  latter.  For  in- 
stance, when  the  temperature  of  turtle- 
doves, which,  in  the  normal  state,  is 
108"  F.,  fell  to  99%  the  muscular  con- 
tractions ceased  to  be  vigorously  per- 
formed, and  fatigue  was  easily  induced. 
When  it  fell  to  90°,  the  birds  lost  the 
power  of  standing,  and  were  obliged 
to  rest  the  belly  on  the  ground  ;  and 
at  74°  life  became  extinct.  That 
death  was  really  caused  by  cold  was 
evident  from  the  marvellous  effects  of 
artificial  heat  in  recalling  vigour  to 
animals  which  were  on  the  point  of 
expiring.  Pigeons  gradually  recovered 
so  far  as  to  be  able  to  perch  on  the 
finger,  and  even  to  fly  short  distances  ; 
while  death  immediately  followed  on 
the  withdrawal  of  the  heat.  These 
experiments  tend  to  throw  light  on 
the  cause  of  danger  fi-om  prolonged 
immersion  in  water  at  a  low  tempera- 
ture. The  heat  of  the  body  is  ab- 
stracted, its  temperature  becomes  too 
low  for  the  normal  performance  of 
chemico-vital  metamorphoses,  and  one 
of  the  first  consequences  is  weakness  of 
muscular  contraction.  This  everyone 
must  have  experienced  in  the  difficulty 
of  fasten inc:  the  dress  when  the  hands 
arc  chilled.  We  constantly  read  of 
accidents  occurring  to  persons  wliile 
bathing.  A  good  swimmer  plunges 
boldly  into  dee])  water,  and  strikes 
out  manfully  from  the  shore.  But  he 
soon  tires  and  makes  for  the  land  ;  he 
is  seen  to  struggle  in  the  water,  and, 
before  assistance  can  be  rendered  him, 
he  sinks  and  is  drowned.  He  is  said 
to  have  been  seized  with  cramp  ;  but 
the  real  cause  of  death,  in  the  majority 
of  instances,  is  the  action  of  cold,  en- 
feebling vital  action.    Hence  bathers, 


especially  those  of  spare  and  slender 
bodies,  should  bewai-e  of  venturing 
into  deep  water,  more  particularly  at 
an  early  stage  of  the  season,  before  the 
sun's  influence  lias  raised  tlie  tempera- 
ture. Such  accidents  are  peculiarly 
apt  to  happen  when  bathing  is  re- 
sorted to  for  refreshment,  after  a  long 
and  fatiguing  day's  walk. 

But  even  when  the  results  are  not  so 
directly  injurious,  the  system  suffers 
from  the  depression  of  the  vital  ener- 
gies, which  is  sufficiently  evident  in 
the  defective  powers  of  reaction.  An 
uncomfortable  feeling  of  chilliness 
is  produced,  which  often  continues 
throughout  the  remainder  of  the  day. 
In  delicate  subjects,  injury  is  fre- 
quently caused  by  cold  bathing  at  a 
time  when  the  vital  powers  are  too 
languid  to  admit  of  the  necessary  re- 
action— before  breakfast,  for  example, 
or  after  fatigue.  For  this  reason,  many 
persons  who,  when  they  bathe  in  the 
morning  before  taking  any  sustenance, 
do  not  soon  recover  their  natural  lieat 
and  elasticity  of  feeling,  derive  much 
more  benefit  from  bathing  early  in  the 
forenoon. 

Great  care  should  at  all  times  be 
taken  by  bathers  not  to  enter  the 
water  when  they  are  cold.  A  smart 
walk  for  a  few  minutes  along  the 
beach,  so  as  to  produce  a  comfortable 
glow,  will  favour  reaction,  and  cause 
cold  bathing  to  be  well  supported  even 
by  delicate  persons.  Wlien  the  con- 
stitution is  feeble, river-bathing  should 
be  avoided,  as  tiie  heat  of  the  body  is 
abstracted  with  a  rapidity  jiroportion- 
ate  to  the  strength  of  the  current.  In 
liilly  countries,  too,  the  water  of  rivers, 
descending  rapidly  from  a  height,  is 
exceedingly  chilly,  even  in  the  mid- 
dle of  summer,  and  gives  a  shock  for 
which  the  bather,  misled  by  the 
warmth  of  the  air,  is  totally  unpre- 
pared. 

For  those  who  are  not  robust,  daily 
sponging  of  the  body  with  cold  water, 
cold  water  and  vinegar,  or  salt  water, 
is  the  best  substitute  for  the  cold 
bath,  both  as  a  means  of  freeing  the 
skin  from  its  impurity  and  as  a  tonic  : 
it  may  be  resorted  to  with  safety  and 
advantage  in  most  states  of  the  system ; 
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especially  when  care  is  taken  to  excite 
on  the  surface,  by  subsequent  friction 
with  the  flesh-brush  or  hair-glove,  the 
healthy  glow  of  reaction.  It  then  be- 
comes an  excellent  preservative  from 
the  effects  of  changeable  weather. 
AVhen,  however,  a  continued  sensation 
of  coldness  or  chill  is  perceptible  over 
the  body,  cold  applications  should  not 
be  persisted  in  ;  tepid  sponging,  aided 
by  dry  friction,  is  then  greatly  prefer- 
able, and  often  proves  highly  service- 
able in  keeping  up  the  due  action  of 
the  skin.  But  it  very  rarely  happens 
that  cold  sponging  is  not  well  borne, 
when  used  immediately  on  getting  out 
of  bed,  while  the  body  still  retains  a 
comfortable  glow. 

For  habitual  use,  the  tepid  or  warm 
bath  is  certainly  the  safest  and  most 
valuable,  especially  during  the  au- 
tumn, winter,  and  spring,  and  for  in- 
valids ;  and  every  house  should  be 
provided  with  one  as  an  indispensable 
requisite  for  health  and  comfort.  A 
temperature  ranging  from  So'^  to  90^, 
according  to  the  state  of  the  indivi- 
dual, is  the  most  suitable ;  and  the 
duration  of  the  immersion  may  vary 
from  fifteen  minutes  to  an  hour  or 
more,  according  to  circumstances.  As 
a  general  rule,  the  water  ought  simjily 
to  be  warm  enough  to  feel  pleasant 
without  giving  a  positive  sensation  of 
heat ;  the  degree  at  which  this  hap- 
pens varies  considerably  according  to 
the  constitution  and  to  the  state  of 
health  at  the  time.  Sometimes,  when 
the  generation  of  animal  heat  is  great, 
a  bath  at  95°  will  be  felt  disagree- 
ably warm  and  relaxing  ;  while,  at 
another  time,  when  the  animal  heat  is 
produced  in  deficient  quantity,  the 
same  temjierature  will  cause  a  chilly 
sensation.  The  rule,  then,  is  to  avoid 
equally  the  positive  impressions  of 
heat  and  of  cold,  and  to  seek  the 
agreeable  medium.  A  bath  of  the 
latter  description  is  the  reverse  of  re- 
laxing ;  it  gives  a  healthful  tone  and 
activity  to  all  the  functions,  and  may 
be  used  every  day,  or  on  alternate 
days,  for  fifteen  or  twenty  minutes, 
with  much  advantage — though  a  bath 
once  a-week,  when  daily  sponging 
with  cold  water  is  used  besides,  will 


generally  be  sufficient  to  keep  the 
skin  in  a  healthy  state. 

A  person  of  sound  health  and 
strength  may  take  a  bath  at  any  time, 
except  immediately  after  meals.  But 
the  best  time  for  valetudinarians  is  in 
the  forenoon  or  evening,  two  or  three 
hours  after  a  moderate  meal,  when  the 
system  is  invigorated  by  food,  but  not 
oppressed  by  the  labour  of  digestion. 
When  the  bath  is  delayed  till  five  or 
six  hours  after  eating,  delicate  people 
sometimes  become  faint  under  its  ope- 
ration, and,  fi'ora  the  absence  of  reac- 
tion, are  rather  weakened  by  the  relax- 
ationittheninduces.  As  agcneralrule, 
active  exertion  should  be  avoided  for 
an  hour  or  two  after  using  the  warm 
or  tepid  bath  ;  and  unless  we  wish  to 
induce  perspiration,  it  ought  not  to  be ' 
taken  immediately  before  going  to 
bed — or  if  it  is,  it  should  be  merely 
tepid,  and  not  of  too  long  duration. 

These  rules  apply  of  course  only  to 
persons  in  an  ordinary  state  of  health. 
If  organic  disease,  headach,  feverish- 
ness,  constipation,  or  other  ailment 
exist,  bathing  ought  never  to  be  em- 
ployed without  medical  advice.  When 
the  stomach  is  disordered  by  bile,  it 
also  generally  disagrees.  Under  ordi- 
nary circumstances,  however,  and  with 
ordinary  prudence,  the  warm  bath  is 
not  only  a  safe  and  valuable  preserva- 
tive of  health,  but  an  active  remedy 
in  disease.  Instead  of  being  danger- 
ous by  causing  liability  to  cold,  it  is, 
when  well  managed,  so  much  the  re- 
verse, that  the  author  of  these  pages 
has  used  it  much  and  successfully  for 
the  express  purpose  of  diminishing 
such  liability,  both  in  himself  and  in 
othei's  in  whom  the  chest  is  delicate. 
In  his  own  instance,  in  particular,  he 
is  conscious  of  having  derived  much 
advantage  from  its  regular  employ- 
ment, especially  in  the  colder  months 
of  the  year,  during  which  he  has  uni- 
formly found  himself  most  eflfectually 
strengthened  against  the  impression  of 
cold,  by  repeating  the  bath  at  shorter 
intervals  than  usual.* 

I  am  delighted  to  find  my  opinion  of 
the  value  of  the  bn.tli  and  of  attention  to 
the  cutaneous  functions  in  the  prevention 
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Cousidering  the  nature  of  the  occu- 
pations in  which  most  of  the  labouring 
classes  are  engaged,  and  the  soothing 
and  refreshing  efiects  as  well  as  the 
cleanliness  derived  from  the  use  of  the 
tepid  bath,  there  cannot  be  a  doubt 
that  a  great  public  benefit  will  be  at- 
tained by  providing  baths  for  their 
use  at  a  very  easy  rate,  and  encourag- 
ing them  to  resort  to  them  by  personal 
intiuence  and  frequent  expositions  of 
their  advantages.  In  many  factories 
where  there  is  constantly  steam  or 
warm  water  running  waste,  baths  for 
the  workmen  and  their  families  might 
be  fitted  up  at  a  very  trifling  cost,  and 
their  use  do  much  to  subdue  that 
craving  for  stimulus  which  drives  so 
many  to  the  gin-sho]) ;  and  also  to  allay 
that  irritability  of  mind  so  apt  to  be 
induced  by  excessive  labour.  When 
the  trade  is  dirty,  a  tepid  bath  and 
change  of  clothing  on  quitting  it  for 
the  day  would  be  the  saving  of  many 
men  who  at  present  fall  into  vice  by 
imperceptibly  losing  that  self-respect 
and  regard  for  decency  of  appearance 
which  are  among  the  strongest  safe- 
guards of  character  and  morality  ;  and 
I  rejoice  to  think  that  in  several  manu- 
factories the  hint  thrown  out  in  the 
former  editions  of  this  work  has  been 
acted  upon,  and  followed  by  more  than 
the  expected  advantages.  To  derive 
full  benefit  from  it,  however,  some 
knowledge  of  the  animal  economy  must 
be  communicated,  and  a  desire  excited 
among  the  more  intelligent  workmen 
to  avail  themselves  of  the  boon.  The 
more  ignorant  and  uninteliectual  the 
individual,  the  less  will  he  appreciate 
the  offered  advantage ;  but  patient  and 
good-liumoured  encouragement  will 
soon  get  over  all  difficulties,  and  excite 
a  right  feeling  on  the  subject. 

On  the  Continent,  vapour  and  hot 
air  baths  are  had  recourse  to  both 

of  pulmoiwry  disease,  and  indeed  tlie  whole 
practical  doctrines  of  tlie  present  cliapter, 
corroborate<l  hy  tlie  autliority  of  Sir  James 
Clark,  in  bis  admirable  works  on  Consump- 
tion and  Climate.  Both  treatises  are  well 
deserving  the  attention  of  parents  and  others 
interested  in  the  health  of  tlio  young,  and 
especially  of  those  who  are  delicately  con- 
stituted. 


as  an  agreeable  means  of  removing 
the  impurities  and  exciting  the  action 
of  the  skin,  and  for  the  cure  of  disease, 
to  a  vastly  greater  extent  than  they 
are  in  this  country.  Their  use  is  at- 
tended by  the  very  best  effects,  parti- 
cularly in  chronic  ailments,  and  where 
the  water-bath  is  felt  to  be  ojipressive 
by  its  weight ;  and  there  can  be  no 
question  that  their  action  is  chiefly  on 
the  skin,  and  through  its  medium  on 
the  nervous  system.  As  a  means  of 
cleansing  the  skin,  determining  the 
blood  to  the  surface,  promoting  cu- 
taneous exhalation,  and  equalizing  the 
circulation,  they  are  second  to  no 
remedy  now  in  use ;  and  consequently, 
in  a  variety  of  affections  which  the 
encouragement  of  these  processes  is 
calculated  to  relieve,  they  may  be  em- 
ployed with  every  prospect  of  advan- 
tage. The  prevalent  fear  of  catching 
cold,  which  deters  many  from  using 
the  vaj^our-bath,  even  more  than  from 
warm  bathing,  is  founded  on  a  false 
analogy  between  its  effects  and  those 
of  profuse  perspiration  from  exercise 
or  illness.  The  latter  weakens  the 
body,  and,  by  diminishing  the  power 
of  reaction,  renders  it  susceptible  of 
injury  from  sudden  changes  of  tem- 
perature. But  the  effect  of  the  va- 
pour-bath' properly  administered  is 
very  different.  When  not  too  warm 
or  too  long  continued,  it  not  only  re- 
moves a  load  of  impurities  beyond 
what  was  imagined  to  exist,  but  in- 
creases instead  of  exhausting  the 
strength  ;  and,  by  exciting  tlie  vital 
action  of  the  skin,  gives  rise  to  a 
jiovver  of  reaction  which  enables  it  to 
resist  cold  better  than  before.  This  I 
have  heard  many  patients  remark ; 
and  the  fact  is  well  exemplified  in 
Russia  and  the  north  of  Eurojje,  where 
it  is  the  usual  practice  of  the  natives 
to  have  a  bucketful  of  cold  water 
thrown  over  the  body  immediately 
after  leaving  the  vapour-bath.  The 
application,  far  from  being  disagree- 
able, produces  a  grateful  sensation;* 
but  were  the  same  practice  resorted  to 
after  severe  perspiration  from  exhaust- 

'  Life  of  a  Travelling:  Physician,  by  Sir 
George  Lefevre. 
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ing  exercise,  there  can  be  no  doubt 
that  serious  injury  would  ensue.  It  is 
the  previous  stimulus  given  to  the 
skin  by  the  vapour-batli,  which  is  the 
real  safeguard  against  the  coldness  of 
the  water. 

The  truth  of  this  principle  is  strik- 
ingly illustrated  by  the  practice  which 
was  first  introduced  by  Priessnitz  at 
Grffifenberg,  and  lias  since  spread  to 
various  other  parts  of  Germany,  and 
also  to  England  and  Scotland,  of  treat- 
ing diseases  by  first  inducing  severe 
sweating,  and  then  administering  the 
cold  bath,  not  only  daily,  but  several 
times  a-day.    The  patient  is  first  strip- 
ped naked  and  wrapped  up  rather 
tightly  in  blankets,  and  laid  down  till 
sweating  comes  on,  which  seldom  hap- 
pens in  less  than  an  hour.    As  soon  as 
this  commences,  the  window  is  thrown 
open,  and  he  is  made  to  drink  a  glass- 
ful of  cold  water  every  quarter  of  an 
hour  or  half  hour.    This  increases  the 
perspiration  so  much  that  the  sweat 
sometimes  drops  from  the  blanket  to 
the  extent  of  seven  pounds  weight. 
When  the  sweating  has  continued  suf- 
ficiently long  the  patient  is  unswathed, 
and,  covering  himself  with  a  cloak, 
hurries  to  the  cold  bath,  into  which  he 
phmdcs  bathed  in  perspiration.  While 
in  the  bath  he  is  made  to  exercise  his 
limbs  as  much  as  possible,  and,  on  leav- 
ing it,  is  required  to  take  a  sharp  walk 
in  order  to  excite  the  necessary  cutane- 
ous reaction.    The  greater  the  reac- 
tion, the  more  favourable  will  be  the 
result. 

According  to  ordinary  notions,  this 
practice  would  seem  to  be  of  the  most 
dangerous  character ;  but  in  reality 
it  is  not  so  ;  for,  when  judiciously 
managed,  it  is  both  safe  and  advan- 
tageous. Priessnitz  admits,  as  every 
body  does,  that  cold  drinks,  or  the  cold 
bath,  in  a  state  of  violent  jpcrspiration 
from,  exercise  or  the  use  of  stidorijics,  is 
very  dangerous  ;  but  one  grand  point 
of  difference  between  such  a  state  and 
that  in  which  he  prescribes  cold  bath- 
ing is,  that,  according  to  his  plan,  the 
powers  of  the  sj'stem  are  rather  ex- 
cited than  exhausted,  and  are  thus  i 
ready  to  concur  in  undiminished  force  ' 
in  the  necessary  reaction.    But   in  \ 


sweating  after  violent  exercise  or  sudo- 
rifics,  the  respiration  and  circulation 
have,  as  he  justly  remarks,  already 
been  excited,  and  are  to  a  proportion- 
ate extent  exhausted,  so  that  they  are 
overpowered  instead  of  being  roused 
to  reaction  by  the  cold.  Hence,  he 
affirms,  provided  the  breathing  is  not 
hurried,  and  the  surface  is  not  chilled 
by  exposure  to  the  air  before  plunging 
into  the  cold  bath,  no  risk  whatever 
is  incurred,  however  copious  the  per- 
spiration. Active  exercise,  however, 
is  most  wisely  and  strenuously  urged 
as  a  part  of  the  treatment. 

Common  experience  affords  another 
illustration  of  the  principle  implied  in 
the  caution  to  avoid  becoming  chilled 
before  going  into  the  cold  bath.  If, 
in  a  cold  winter  day,  we  chance  to  sit 
for  some  time  in  a  room  imperfectly 
warmed,  and  feel,  in  consequence,  a 
sensation  of  chilliness  over  the  body, 
we  are  much  more  likelv  to  catch  cold 
on  going  out  than  if  we  had  been  sit- 
ting in  a  room  comfortably  warm.  In 
the  latter  case,  the  cutaneous  circula- 
tion and  nervous  action  go  on  vigor- 
ously ;  heat  is  freely  generated,  and 
the  vital  action  of  the  skin  is  in  its 
full  force.    The  change  to  a  lower 
temperature,  if  accompanied  with  ex- 
ercise to  keeji  up  vitality,  is  then  felt 
to  be  bracing  and  stimulating  rather 
than  disagreeable.    But  it  is  widely 
different  when  the  surface  is  already 
chilled  before  going  out.   The  vitality 
of  the  skin  being  diminished,  reaction 
cannot  follow  additional  exposure  ;  the 
circulation  leaves  the  surface  and  be- 
comes still  more  internal ;  and  if  weak- 
ness exist  in  the  throat  or  chest,  a  cold 
is  the  almost  certain  result.  Many 
suffer  from  ignorance  of  this  principle. 

The  vapour-bath  is  thus  calculated 
to  be  extensively  useful,  both  as  a  pre- 
servative of  health  and  as  a  remedial 
agent.  Many  a  cold  and  many  a  rheu- 
matic attack,  arising  from  checked 
perspiration  or  long  exposure  to  the 
weather,  might  be  nipped  in  the  bud 
by  its  timely  use.  In  chronic  affec- 
tions, not  only  of  the  skin  itself,  but 
of  the  internal  organs  with  which  it 
most  closely  sympathizes,  as  the  sto- 
mach and  intestines,  the  judicious  ap- 
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plication  of  the  vapour-bath  is  produc- 
tive of  great  relief.  Even  in  chronic 
pulmonai-y  complaints,  it  is,  according 
to  the  Continental  physicians,  not  only 
safe,  but  very  serviceable ;  particularly 
in  those  affections  of  the  mucous  mem- 
brane which  resemble  consumption  in 
so  many  of  their  symptoms.  It  is  also 
strongly  recommended  by  Dr  Daniell 
in  the  treatment  of  tropical  fevers. 
"After  a  careful  observation,"  says 
he,  "of  the  good  effects  of  this  reme- 
dial system,  I  was  led  to  pay  more 
particular  study  to  the  utility  of  its 
application,  and  at  length  to  try  a 
modified  adaptation  of  it  for  the  cure 
of  those  adynamic  remittent  fevers  so 
destructive  to  European  life.  I  have 
no  hesitation  in  asserting,  that  not 
only  myself,  but  many  others  who  have 
experienced  its  ctficacy  by  the  speedy 
restoration  to  liealth,  can  vouch  for  its 
superiority  over  the  ordinary  practice 
of  venesection,  saline  purgatives,  and 
large  doses  of  calomel.''''*  Like  all 
powerful  remedies,  however,  the  va- 
pour-bath must  be  administered  with 
proper  regard  to  the  condition  and 
circumstances  of  the  individual ;  and 
care  must  be  taken  to  have  the  feet 
sufficiently  warm  during  its  use.  If, 
from  an  irregular  distribution  of  the 
steam,  the  feet  bo  left  cold,  head- 
ach  and  flushing  are  almost  sure  to 
follow.  It  is,  therefore,  a  good  pre- 
caution to  place  the  feet  in  a  vessel  of 
te])id  water. 

Vapour  is  a  much  less  perfect  con- 
ductor of  caloric  than  water,  and  there- 
fore requires  to  be  at  a  higher  tem- 
j)erature  to  give  the  skin  as  much  of 
the  feeling  of  heat.  The  sensation 
produced  by  vapour  at  98°  and  at 
122°  F.,  is  about  equal  to  that  pro- 
i  duced  by  water  at  88°  and  100°  ;  and 
a  considerably  higher  degree  of  heat 
can  therefore  be  supported  in  the  va- 
pour than  in  the  warm  bath.  As  a 
general  rule,  however,  120°  F.  is  the 
highest  limit  within  which  the  heat 
can  be  comfortably  borne  in  the 
vajjour-bath  in  the  sitting  posture, 

*  Sketches  of  the  Medical  Topogrrapliy 
and  Native  Diseases  of  the  Gulf  of  Guinea, 
p.  101.    London,  1849. 


though,  when  the  patient  is  lying,  an 
addition  of  several  degrees  may  be 
supported. 

The  vapour-hath  is  taken  either  by 
entering  entirely  a  chamber  into  which 
the  vapour  is  admitted,  or  by  enclosing 
the  body  in  a  box  from  which  the  head 
is  excluded.  The  former  method  is 
that  generally  adopted  in  Russia  and 
the  East ;  the  latter  is  that  which  is 
chiefly  used  in  this  country. 

It  happens  occasionally,  either  from 
some  peculiarity  of  constitution,  or 
from  an  unusual  condition  of  the  skin, 
indicated  by  great  dryness  and  a  lia- 
bility to  erysipelatous  and  scaly  erup- 
tions, that  the  moisture  of  the  water 
or  vapour-bath  is  at  first  rather  pre- 
judicial and  unpleasant,  and  becomes 
grateful  only  in  proportion  as  the  skin 
regains  its  healthy  state.  In  such 
cases  the  warm  air-bath  is  said  to  be 
remarkably  successful,  and  is  rapidly 
gaining  ground  in  the  metropolis. 

Although  the  preceding  remarks 
apply  specially  to  the  skin  considered 
as  an  exhalant,  yet  most  of  them  are 
equally  applicable  to  it  when  viewed 
as  the  seat  of  an  important  nervous 
function.  For,  so  intimately  and  beau- 
tifully are  all  the  parts  of  the  frame 
connected  with  each  other,  that  what 
is  really  good  for  one,  rarely  if  ever 
fails  to  be  beneficial  to  the  rest.  Thus, 
while  exercise,  adequate  clothing,  the 
bath,  friction,  and  cleanliness,  are 
very  efficacious  in  promoting  the  in- 
sensible perspiration,  remoying  the 
im2>urities  which  it  leaves  behind,  and 
equalizing  the  circulation,  they  are 
almost  equally  influential  in  promot- 
ing the  vital  action  of  tiie  innumerable 
nervous  filaments  ramified  on  the  skin, 
and  the  tone  of  which  is  as  essential 
as  that  of  the  blood-vessels  to  the  \)vo- 
per  discliarge  of  the  cutaneous  func- 
tions. In  the  large  and  afflicting  class 
of  nervous  and  mental  diseases,  at- 
tention to  the  skin  becomes  therefore 
almost  a  sine  qua  non  of  successful 
treatment.  As  a  preservative,  too,  it 
is  influential.  In  most  nervous  ail- 
ment.*, languor  and  inaction  of  the 
skin  shew  them.selves  simultaneously 
with  the  earliest  dawn  of  mental  un- 
easiness, and  often  attract  notice  be- 
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fore  the  morbid  feelings  of  the  mind 
have  acquired  either  permanence  or 
strength.  At  this  early  period,  the 
use  of  the  bath  will  frequently  prove 
very  efficacious  in  restoring  health. 

Many  imagine  the  tepid  and  warm 
bath  to  be  weakening,  but  experience 
shews  that  they  are  so  only  when 
abused.  AVhen  not  too  warm,  and  not 
prolonged  beyond  20  or  30  minutes, 
the  tepid  bath  may  be  employed  daily 
with  advantage  and  perfect  safety  by 
persons  in  health  ;  while  invalids, 
whose  condition  requires  its  use,  are 
often  strengthened  by  a  much  longer 
and  equally  frequent  immersion.  I 
have  seen  it  resorted  to  for  an  hour 
daily,  for  months  in  succession,  by 
nervous  invalids,  with  much  benefit  to 
health  and  strength  ;  and  on  the  Con- 
tinent it  is  employed  to  a  much  greater 
extent.  At  some  of  the  German  and 
Swiss  watei'ing-places,  immersion  is 
continued  for  many  hours,  and  from  the 
analysis  of  the  water  it  is  evident  that 
the  beneficial  effects  are  due  principally 
to  the  immersion,  and  little,  if  at  all, 
to  the  mineral  ingredients  contained 
in  it.  Thus  at  the  baths  of  Leuk,  in 
the  Vallais,  the  period  of  immersion  is 
gradually  increased  from  one  hour  to 
eight  hours  a-day  ;  four  before  break- 
fast, and  four  after  dinner.  The  tem- 
perature of  the  water  of  the  baths  is 
about  96°  F.,  and  it  contains  in  2-1 
ounces  about  21  grains  of  mineral 
salts,  of  which  about  20  are  sulphates 
of  lime  and  magnesia.*  At  the  vast 
hospital  of  Salpetriere  in  Paris,  and 
also  at  Charenton,  the  late  M.  Esquirol 
for  many  years  directed  the  warm 
bath  to  be  extensively  used  for  two, 
three,  and  even  five  or  six  hours  a-day 
— with  excellent  effect;  and  recently 
M.  Brierre  de  Boismont  has  urged 
upon  the  attention  of  the  medical  pro- 
fession tlie  powerful  influence  of  pro- 
longed bathing,  in  soothing  the  system 
in  nervous  afi'ections  without  the  dis- 
advantage of  producing  the  great  de- 
bility which  so  often  follows  blood-let- 

"  Encyclopadischcs  Worterbuch  dor 
Medicinisc^hcn  Wisscnschaftcii,  vol.  xxi., 
p.  396.  Berlin,  1830.  See  also  Murray's 
Handbook  of  Switzerl.ind,  and  the  21st 
chapter  of  Dr  Forbes's  Physician's  Holiday. 


ting.  When  I  visited  the  hospital  for 
the  insane  at  Charenton,  and  M.  Esqui- 
rol's  admirable  private  asylum  at  Ivry, 
in  September  1831,  that  distinguished 
physician  spoke  to  me  in  very  strong 
terms  of  the  benefits  resulting  from 
the  practice,  and  declared  that  he  had 
ever  found  it,  when  used  with  ordi- 
nary prudence,  a  safe  and  valuable 
remedy ;  and  that,  in  realitj^  its  fail- 
ure to  do  good  in  some  cases  proceeded 
more  from  the  patient  remaining  in  it 
too  short  a  time,  than  from  its  want 
of  power  to  relieve.  The  benefit  which 
prolonged  bathing  is  thus  shewn  to 
produce  is  probably  brought  about  in 
various  ways.  In  the  first  place,  it 
has  a  direct  soothing  influence  on  the 
nervous  system.  Secondly,  by  causing 
a  flow  of  blood  to  the  surface  it  at  once 
relieves  internal  organs,  and  increases 
the  tone  and  action  of  the  cutaneous 
vessels.  Lastly,  the  exhaling  and  ab- 
sorbing functions  of  the  skin  are  pro- 
bably affected  by  means  of  the  process 
of  endosmosis  and  exosmosis,  through 
which  some  modification  of  the  fluids 
of  the  body  is  produced. 

In  the  Mcdico-Chirurtjical  Review  for 
January  and  April  1833,  a  very  in- 
teresting outline  is  given  of  an  article 
published  in  the  llcvua  Medicale,  illus- 
trative of  the  efficacy  of  the  tepid  bath, 
and  the  affusion  of  cooler  water  on  the 
head  during  the  last  few  minutes  of 
immersion,  in  the  cure  of  a  variety  of 
nervous  and  head  affections  of  con- 
siderable obstinacy  and  severity.  Dr 
Johnson,  the  editor  of  the  Review, 
adds  his  testimony  to  the  success  of 
the  practice,  and  the  results  obtained 
agree  entirely  with  rny  own  experi- 
ence ;  but,  as  those  papers  relate  to 
the  treatment  of  disease,  it  would  be 
out  of  place  to  do  more  here  than  re- 
commend them  to  the  attention  of  the 
professional  reader.  I  may  mention, 
however,  that  Dr  Recamier  frequently 
orders  the  bath  to  be  repeated  two, 
three,  or  even  four  times  a-day.  So 
little  reality  is  there  in  its  supposed 
debilitating  effect. 

I  notice  these  facts  to  shew  that  at- 
tention  to  the  health  of  the  skin  is 
really  as  influential  in  preserving  the 
tone  of  the  nervous  system,  and  in 
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contributing  to  mental  and  bodily 
health  and  comfort,  as,  from  the  im- 
portant functions  which  it  performs, 
one  would  naturally  expect  it  to  be  ; 
and  the  neglect  with  which  it  has  long 
been  treated  can  be  explained  only  by 
the  ignorance  which  still  prevails  re- 
garding its  nature  and  uses.  1  must 
add,  however,  that  while  I  attach  so 
much  importance  to  tlie  use  of  the 
bath,  the  foregoing  observations  have 
not  been  inserted  for  the  purjjose  of 
inducing  persons  in  bad  health  to  have 
recourse  to  it  of  their  own  accord. 
This  they  ought  never  to  do,  as  they 
may  chance  to  sutfor  from  using  it  un- 
seasonably. No  rules  of  universal  ap- 
plication can  be  laid  down,  and  this  is 
not  the  place  for  a  professional  dis-  : 
quisitiou. 

Another  valuable  means  of  keeping  [ 
up  an  equal  circulation  and  a  due  de- 
gree of  perspiration  over  the  whole 
surface  of  the  skin,  and  at  the  same 
time  of  aiding  in  the  remox  al  of  the  | 
impurities  which  attach  to  it,  consists 
in  the  daily  and  diligent  use  of  friction 
hy  means  of  a  flesh-hruah  or  hor.ie-hair 
glove, — the  latter  to  be  preferred  where 
the  skin  is  not  too  sensitive  or  deli- 
cate.   But  to  derive  due  advantage 
from  friction,  it  should  be  steadily 
continued  every  night  and  morning 
till  a  cflow  is  excited  over  the  whole 
surface,  and  the  skin  acquires  a  soft 
velvety  feel.    It  should  also  be  prac- 
tised by  the  individual,  and  not  by  an 
assistant.    It  tlien  serves  partly  for 
exercise,  and,  to  a  sedentary  person, 
becomes  its  most  invaluable  substitute 
when  perseveringly  persisted  in  for 
months.   In  delicate  states  of  the  con- 
stitution, when  a  great  susceptibility 
of  cold  exists,  and  in  all  varieties  of 
nervous  depression  with  a  dry  cold 
skin,  its  usefulness  can  scarcely  be 
overrated.   But  then  it  is  one  of  those 
preservatives  or  remedies  which  re- 
quire time  to  produce  tlieir  full  effects. 
It  may  be  weeks  before  a  languid  or 
hysterical  female,  or  hypochondriacal 
litterateur,  will  be  aware  of  deriving 
any  comfort  from  its  use,  and  it  is 
consequently  sometimes  difficult  to  in- 
duce the  patient  to  make  a  proper 


trial  of  it.  But  1  have  never  known 
any  one,  however  sceptical  at  first, 
continue  it  regularly  and  diligently 
for  several  months  without  gratefully 
acknowledging  the  benefits  which  it 
conferred.  I  liave  known,  indeed, 
some  cases  of  severe  nervous  suffering 
of  many  years'  standing,  in  which  the 
relief  afibrded  by  friction  of  the  skin 
was  so  marked  as  to  elicit  from  the 
patients  the  earnest  declaration  that 
no  motive  could  induce  tliem  to  desist 
from  its  use.  In  rheumatic  constitu- 
tions, it  is  especially  beneficial ;  and  a 
clear  indication  of  its  usefulness  being 
more  and  more  appreciated,  is  the  fre- 
quent announcements  of  "  electrical'^ 
hair-gloves  and  other  means  of  friction, 
in  the  newspapers  of  the  day. 

That  friction  is  useful  also  in  re- 
moving impurities  from  the  surface 
will  be  evident  to  every  one  who 
chooses  to  apply  a  hair-glove  to  his 
own  skin,  after  passing  a  day  or  two 
without  either  friction  or  ablution, 
lie  will  then  speedily  find  tlie  glove 
become  whitened  from  the  small  pow- 
dery scales  whicli  it  detaches  from  the 
epidermis,  and  exijerience  a  very  per- 
ceptible increase  of  comfort.  From 
the  equalizing  action  of  friction  on 
the  circulation  and  nerves  of  the  skin, 
it  acts  farther  as  a  pleasing  sedative 
after  mental  excitement  or  anxiety, 
and  thus  favours  quiet  and  refreshing- 
sleep,  where  otherwise  n(me  might  be 
obtained. 

But  it  may  be  said  that  baths  can- 
not be  had  at  all  times  and  in  all 


2)laces. 


may  be  very  true  ;  but 


although  we  cannot  always  command 
them,  it  is  right  that  we  should  know 
their  value,  and  take  active  measures 
to  jirocure  them.  When  we  fail,  soap 
and  water  may  still  be  obtained  every- 
where, and  leave  no  apology  for  ne- 
glecting the  skin  ;  or,  as  already  men- 
tioned, if  the  constitution  be  delicate, 
water  and  vinegar,  water  and  salt,  or 
mere  water  by  itself,  used  dally,  form 
an  excellent  and  safe  means  of  cleans- 
ing and  gently  stimulating  the  skin  : 
to  the  invalid  they  are  highly  bene- 
ficial, when  the  nature  of  the  indispo- 
sition does  not  render  them  improper. 
A  rough  and  rather  coarse  towel  is  a 
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very  useful  auxiliary  in  such  ablutions. 
Few  of  those  ■who  have  steadiness 
enough  to  keep  up  the  action  of  the 
skin  by  these  means,  and  to  avoid 
strong  exciting  causes,  will  ever  suffer 
from  colds,  sore  tliroats,  or  similar 
complaints;  while,  as  a  means  of  re- 
storing health,  they  are  often  incalcu- 
lably  serviceable.  If  one-tenth  of  the 
persevering  attention  and  labour  be- 
stowed to  so  much  purpose  in  rubbing 
down  and  currying  the  skins  of  horses, 
were  bestowed  hy  the  human  race  in 
keeping  themselves  in  good  condition, 
and  if  a  little  attention  were  paid  to 
diet  and  clothing, — colds,  nervous  dis- 
eases, and  stomach-complaints  would 
cease  to  form  so  large  an  item  in  the 
catalogue  of  human  miseries.  Man 
studies  the  nature  of  other  animals, 
and  adaj)ts  his  conduct  to  their  con- 
stitution ;  himself  alone  he  continues 
ignorant  of  and  neglects.  He  consi- 
ders himself  as  a  being  of  a  superior 
order,  and  not  subject  to  the  laws  of 
organization  which  regulate  the  func- 
tions of  the  inferior  animals  ;  but  this 
conclusion  is  the  result  of  ignorance 
and  pride,  and  not  a  just  inference 
from  the  premises  on  which  it  is  osten- 
sibly founded. 

The  writer  of  these  remarks  has, 
unfortunately  for  himself,  had  exten- 
sive experience  in  his  own  person  of 
the  connection  between  the  state  of 
the  skin  and  the  general  health,  and 
especially  t!ie  health  of  the  lungs  :  he 
can  therefore  speak  with  some  confi- 
dence as  to  the  accuracy  of  his  obser- 
vations, and  the  benefit  to  be  derived 
from  attending  to  the  condition  of  the 
skin  in  clironic  pulmonary  complaints 
and  indigestion.  Many  affections  of 
a  consumptive  character  are  preceded 
or  begin  by  deficiency  of  vital  action 
in  the  skin  and  extremities,  and  a 
consequent  feeling  of  coldness  in  the 
feet  and  on  tlie  surface,  and  suscepti- 
bility of  catarrhal  affections  from  ap- 
parently inadequate  causes,  often  long 
before  any  pressing  symptom,  direct- 
ly connected  with  tlie  lungs,  occurs  to 
attract  notice.  In  this  state,  means 
systematically  directed  to  restoring 
the  cutaneous   circulation  will  fre- 


quently be  successful  in  warding  off 
consumption  ;  and  even  when  the  dis- 
ease is  formed,  the  same  means  will 
help  to  prolong  life  and  relieve  suffer- 
ing, while  they  will  go  far  to  effect  a 
cure  in  those  chronic  affections  of  the 
bronchial  membrane,  which  simulate 
consumption  and  are  sometimes  undis- 
tinguishable  fromdt,  and  which,  when 
mismanaged,  are  equally  fatal. 

The  two  remedies  which  enjoy  the 
oldest  and  most  general  reputation  in 
the  successful  treatment  of  pulmonary 
and  consumptive  disease  and  of  gene- 
ral bad  health,  have  this  quality  in 
common — that  both  owe  much  of  their 
influence  to  their  exciting  tlie  cuta- 
neous functions,  and  equalizing  the 
circulation.    I  allude  to  sailintj  and 
riding  on  horseback.    JIany  authors 
speak  of  both  in  the  highest  terms, 
and  Sydenham  is  well  known  to  have 
considered  tlie  latter  as  almost  a  spe- 
cific.   Dr  Rush  of  Philadelphia,  too, 
extols  it  with  nearly  equal  force.  Of 
late,  a  regular  course  of  emetics  has 
been  very  strongly  recommended  in 
the  early  stages  of  consumption,  and 
apparently  on  good  gi'ounds.  In  hoop- 
ing-cough, chronic  catarrh,  and  other 
obstinate  pulmonary  affections,  they 
have  also  been  long  in  vogue,  both 
with  the  vulgar  and  with  the  profes- 
sion.   So  far  as  my  observation  goes, 
all  of  these  remedial  means  are  pro- 
ductive of  advantage,  cliiefiv  in  pro- 
portion as  they  determine  the  blood 
to  the  surface — which  squeamishness, 
sea-sickness,  and  riding,  all  do  in  a 
powerful  manner.    Riding  seems  to 
have  this  effect,  partly  from  the  bodily 
exercise  giving  general  vigour  to  the 
circulation,  and  partly  from  the  con- 
tinued gentle  friction  "between  the  skin 
and  the  clothes  stimulating  the  cuta- 
neous vessels  and  nerves.    This  latter 
effect  is  of  more   importance  than 
many  may  believe.    Those,  according- 
ly, who  are  proof  against  sea-sickness 
derive  least  benefit  from  a  vovage ; 
while  those  who  suffer  under  it"  long, 
are  compensated  by  the  amelioration 
which  it  induces  in  the  more  serious 
malady.   The  writer  of  these  pages 
became  ill  in  the  month  of  January 
1820,  and  soon  presented  many  of  the 
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symptoms  of  pulmonary  consumption. 
In  spite  of  the  best  advice,  he  con- 
tinued losing  ground  till  the  month  of 
July,  when  he  went  by  sea  to  London, 
on  his  way  to  the  south  of  France ; 
but,  finding  himself  unable  for  the 
journey,  he  was  obliged  to  return  from 
London,  also  by  sea.  Being  extremely 
liable  to  sea-sickness,  he  was  squeam- 
ish or  sick  during  the  whole  of  both 
voyages — so  much  so  as  to  be  in  a  state 
of  gentle  perspiration  for  a  great  part 
of  the  time.  After  this  he  became 
sensible,  for  the  first  time,  of  a  slight 
improvement  in  his  health  and 
strength,  and  of  a  diminution  of 
febrile  excitement.  Some  weeks  after- 
wards, he  embarked  for  the  Mediter- 
ranean, and  encountered  a  succession 
of  storms  for  the  first  four  weeks,  two 
of  which,  in  the  month  of  November, 
were  sfjent  in  the  Bay  of  Biscay,  in  a 
very  heavy  sea.  For  more  than  three 
weeks  he  was  generally  very  sick,  and 
always  in  a  state  of  nausea  ;  and  dur- 
ing the  whole  time,  although  his  bed 
was  repeatedly  partially  wetted  by 
salt  water,  and  the  weather  cold,  the 
flow  of  blood  towards  the  skin  was  so 
powerful  as  to  keep  it  generally  warm, 
always  moist,  and  often  wet  with  per- 
spiration, forced  out  by  reaching  and 
nausea.  The  result  was,  that  on  en- 
tering the  Mediterranean  at  the  end  of 
a  month,  and  there  meeting  fine  wea- 
ther, he  found  himself,  though  still 
more  reduced  in  flesh  and  very  weak, 
in  every  other  respect  decidedly  im- 
proved; and,  on  his  arrival  in  Italy 
at  the  end  of  seven  weeks,  recovery 
fairly  commenced,  after  about  ten 
months'  illness  :  and,  by  great  care,  it 
went  on  with  little  interruption,  till 
the  summer  of  1821,  when  he  returned 
home.* 

To  carry  on  what  was  so  w'ell  be- 
gun, riding  on  horseback  in  the  coun- 
try was  resorted  to,  and  that  exercise 
was  found  to  excite  the  skin  so  benefi- 
cially as  to  keep  it  always  pleasantly 
warm,  and  generally  bedewed  with 
moisture,  even  to  the  extremities  of 

»  There  were  no  ocean  steam-ships  in 
those  days,  and  these  voyages  were  made  in 
sailing-vessels. 


the  toes  :  and  in  proportion  to  this 
effect  was  the  advantage  derived  from 
it  in  relieving  the  chest,  increasing 
the  strength,  and  improving  the  appe- 
tite. A  second  winter  was  spent  in 
the  south  with  equal  benefit ;  and  in 
the  summer  of  1822,  riding  was  re- 
sumed at  home,  and  the  health  con- 
tinued to  improve.  The  excitement 
given  to  the  skin  by  riding  was  suffi- 
cient to  keep  the  feet  warm,  and  to 
prevent  even  considerable  changes  of 
temperature  from  being  felt ;  and  rain 
was  not  more  regarded,  although  spe- 
cial attention  was  of  course  paid  to 
taking  ofi"  damp  or  wet  clothes  the 
moment  the  ride  was  at  an  end. 
Strength  increased  so  much  under  this 
plan,  combined  with  sponging,  fric- 
tion, and  other  means,  that  it  was  per- 
severed in  through  the  very  severe 
winter  of  1822-3,  with  the  best  effects. 
For  nine  years  thereafter  the  health 
continued  good,  under  the  usual  expo- 
sure of  professional  life  ;  but  in  1831 
it  again  gave  way,  and  pulmonary 
symptoms  of  a  suspicious  character 
once  more  made  their  appearance. 
The  same  system  was  pursued,  and  the 
same  results  again  followed  the  invi- 
goration  of  the  cutaneous  functions 
and  of  the  general  health  by  a  sea- 
voyage,  horse-back  exercise,  and  the 
regular  use  of  the  bath.  These,  as 
formerly,  proved  beneficial  in  propor- 
tion to  their  influence  in  keeping  up 
warmth  and  moisture  of  the  surface 
and  extremities. 

In  thus  insisting  upon  tlie  advan- 
tages of  maintaining  the  healthy  ac- 
tion of  the  skin,  I  must  not  be  sup- 
posed to  ascribe  the  whole  benefit  to 
that  circumstance  alone.  So  beauti- 
fully is  the  animal  economy  consti- 
tuted, that,  as  I  have  already  repeat- 
edly had  occasion  to  observe,  it  is  im- 
possible to  use  rational  means  for  the 
invigoralion  of  one  organ  or  function, 
without  good  being  done  to  all ;  and 
so  closely  are  the  various  parts  allied 
to  each  other,  that,  to  describe  fully 
the  functions  and  sympathies  of  any 
one,  we  should  require  to  make  the 
circle  of  the  whole.  From  this  ap- 
pears the  error  of  those  who  select 
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the  derangements  of  any  one  organ  as 
the  origin  and  source  of  all  existing 
diseases.  Some  functions  are  no  doubt 
more  important,  and  their  disorders 
exercise  a  wider  influence  over  the 
general  health,  than  others  ;  but  no 
one  who  knows  the  structure  of  the 
human  body  and  the  relations  of  its 
parts,  or  has  carefully  observed  the 
phenomena  of  disease,  can  be  satisfied 
with  such  exclusive  reasoning.  Tlie 
stomach,  the  bowels,  the  liver,  and  the 
nervous  system,  have  each  had  their 
patrons,  and  the  derangement  of  each 
has  been  specially  held  out  as  the 
grand  fountain  of  human  misery. 
Each  doctrine,  too,  has  been  demon- 
strated by  cases  and  cures  to  be  supe- 
rior to  all  the  rest,  and  each  has  proved 
successful  in  its  turn,  where  the  others 
have  been  tried  and  failed.  Far,  how- 
ever,  from  proving  the  propriety  of 
exclusiveness  in  favour  of  any  one 
organ,  such  facts,  rightly  considered, 
demonstrate  the  reverse,  and  shew 
that  successful  practice  requires  views 
and  remedies  founded  on  a  careful 
examination  of  every  function ;  and 
afford  a  strong  presumption  that  the 
man  who  traces  every  disease  to  the 
liver,  the  stonjach,  or  the  nerves,  will 
be  at  least  as  often  strikingly  wrong 
as  strikingly  right. 

In  saying,  therefore,  that  attention 
to  the  state  of  the  skin  is  influential 
in  preserving  and  restoring  health,  I 
wish  to  represent  this  as  an  import- 
ant but  by  no  means  exclusive  condi- 
tion, and  to  ascribe  to  the  means  used 
for  invigorating  the  cutaneous  func- 
tions their  due  share  of  action  upon 
other  organs.  Sailing,  for  example, 
is  useful  in  pulmonary  complaints,  not 
only  because  its  accompanying  nausea 
causes  a  healthful  flow  of  blood  from 
the  internal  parts  to  the  surface,  but 
because  the  gentle  and  constant  exer- 
cise, occasioned  by  the  movement  of 
the  ship,  is  admirably  adapted  to  a 
debilitated  state  of  the  system,  when 
other  exercise  cannot  be  taken  without 
hurrying  the  breathing  or  inducing 
fatigue — and  because  pure,  fresh, 
bracing  air  is  of  infinite  importance 
in  all,  and  especially  in  pulmonary 
affections.      Attention  to  the  skin, 
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therefore,  must  never  be  considered 
for  a  moment  as  superseding  attention 
to  the  other  functions.  That  were  a 
pernicious  mistake.  It  must  be  re- 
garded as  a  part  only,  though  an  im- 
portant part,  of  a  rational  and  consist- 
ent treatment ;  and  its  eflicacy  will 
often  depend,  in  no  small  degree,  on 
the  care  which  is  taken  to  support  its 
effects  by  a  scrupulous  attention  to 
the  necessities  of  the  rest  of  the  system. 

In  the  healthy  state,  a  quantity  of 
lactic  acid  is  formed  in  the  tissues  of 
the  body,  as  the  result  of  the  combina- 
tion of  the  oxygen  of  the  air  inhaled 
in  respiration,  with  the  tissues  of  the 
body  and  the  elements  of  the  food  ; 
and  this  acid  must  be  eliminated  by 
the  various  organs  of  excretion,  in  or- 
der that  health  may  be  preserved.  In 
this  work  of  elimination,  the  lungs, 
skin,  and  kidneys  concur.  'When  re- 
spiration  is  active,  the  lactic  acid  is 
converted  principally  into  carbonic 
acid,  and  in  this  shape  is  excreted  by 
the  lungs.  When  perspiration,  again, 
is  profuse,  it  passes  off  freely  by  the 
skin.  And  when  both  of  these  chan- 
nels are  inactive,  it  becomes  abundant 
in  thewj-me.  In  abnormal  conditions, 
however,  wlicn  the  acid  exists  in  Ex- 
cess in  the  juices  of  the  body,  or  when 
its  proper  elimination  is  prevented, 
the  mucous  membrane  of  the  stomach 
and  bowels  endeavours  to  assist  in  its 
excretion,  and  hence  arise  the  heart- 
burn and  acidity  of  stomach,  to  which 
females  and  others  of  sedentary  habits 
are  particularly  subject.  During  di- 
gestion, particularly  of  animal  food,  a 
certain  quantity  of  acid  is  withdrawn 
from  the  blood  to  constitute  the  gastric 
juice,  and  on  such  occasions  less  acid 
appears  in  the  excretions.  In  accord- 
ance with  this  fact,  it  has  been  point- 
ed out  by  Dr  H.  Bence  Jones,  that, 
immediately  before  a  meal,  the  acidity 
of  the  urine  is  at  its  highest  point, 
and  that  it  gradually  falls  as  digestion 
proceeds — again  to  rise  during  fasting, 
when  there  is  no  call  for  the  secre- 
tion of  gastric  juice.*    In  practice 

*  On  Animal  Chemistry  in  its  applica- 
tion to  Stomach  and  Renal  Diseases,  p.  45. 
Londou,  1850.— Chemists  are  not  yet  agreed 
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I  have  often  had  occasion  to  remark 
the  powerful  influence  which  free  per- 
spiration has  in  relieving  acidity  of 
the  stomach  and  promoting  digestion, 
and  also  the  fact  that  acidity  is  most 
prevalent  when  the  skin  is  most  in- 
active ;  and  I  have  therefore  been  led 
to  prescribe  with  advantage  the  fre- 
quent use  of  the  tepid  and  vapour 
bath  in  complaints  arising  from  excess 
of  acid.  In  harmony  with  the  prin- 
ciple stated,  Lord  Byron  is  found  noting 
in  his  Journal  (28th  March  1814),  that 
after  having,  when  previously  very 
unwell,  "  sparred  with  Jackson  ad 
sndorem,^'  he  felt  "  much  better  in 
health  than  for  many  days  ;  "  and  re- 
marking that  "  the  more  violent  the 
fatigue  the  better  hia  spirits  for  the  rest 
of  the  day,"  and  this,  too,  at  a  time 
when  he  was  deriving  little  relief  from 
his  favourite  remedies,  abstinence  and 
soda-water.  On  the  other  hand,  I  have 
always  heard  most  comjdaiuts  of 
acidity  made  towards  the  end  of 
autumn,  when  the  colder  weather  was 
beginning  to  diminish  perspiration, 
and  change  the  balance  of  the  circula- 
tion. 

Among  the  external  agents  which 
exert  a  beneficial  influence  on  the 
health  of  the  skin,  there  is  one  of 
much  importance,  which,  in  practice, 

as  to  the  precise  cause  of  the  acidity  of  the 
urine.  At  one  time  Lelmiann  considered 
it  to  be  due  always  to  lactic  acid,  but  Liebig 
shewed  that  it  might  be  owing  to  acid  phos- 
phate of  soda.  Tliis  induced  Lelimann  to 
reconsider  the  matter,  and  he  now  thinks 
that  although  the  acidity  may  be  explained 
by  the  presence  of  the  acid  phosphate,  still 
the  urine  generally  contains  an  organic  acid. 
Whether  this  be  lactic  acid  or  hippuric 
acid,  would  not  disturb  the  views  adopted 
in  the  text ;  for,  whatever  the  nature  of  this 
orgauic  acid,  it  must  of  course  be  derived 
from  the  metamorphoses  which  take  place 
in  the  body;  and  if  not  excreted 'by  the 
kidneys,  it  must  appear  elsewhere,  though 
the  composition  may  vary  according  to  the 
excreting  organ.  For  instance,  the  carbonic 
acid  of  the  pulmonary  excretion  is  the  re- 
sult of  the  oxygenation  principally  <Jf  lactic 
acid  ;  and  consequently,  the  increase  of  car- 
bonic acid  in  this  excretion  clearly  implies 
the  diminution  of  lactic  acid  in  the  excre- 
tions of  other  organs. 
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is  far  too  much  lost  sight  of,  and 
which  must  yet  be  obvious  to  every 
one  on  a  moment's  reflection  :  I  allude 
to  the  salutary  stimulus  of  the  solar 
li'jht.  Tiiose  who  live  in  the  deep 
valleys  of  mountains  (as  in  those  of 
the  Alps),  in  close  narrow  streets 
where  the  sun  never  shines,  in  mines 
or  dark  caves,  and  who  are  rarely  ex- 
posed to  the  light  of  day,  present  a  sal- 
low relaxed  condition  of  the  skin,  which 
contrasts  with  the  ruddy  freshness  of 
country  people  and  others  living  much 
in  the  sun  and  open  air.  The  inhabi- 
tants of  towns,  accordingly,  may  gene- 
rally be  known  by  the  light  colour 
and  delicacy  of  skin  which  confine- 
ment induces.  Part  of  the  effect  is 
owing,  no  doubt,  to  the  agency  of  the 
external  air,  which  in  confined  situa- 
tions is  always  more  or  less  loaded  with 
impurities  ;  but  much  is  also  attribut- 
able to  deprivation  of  the  stimulus  of 
light.  When  plants  are  deprived  of  the 
influence  of  solar  light,  their  leaves 
cease  to  decompose  the  carbonic  acid 
of  the  atmosphere ;  and  hence,  when 
kept  in  the  dark,  they  become  pale, 
watery,  and  feeble.  That  the  develop- 
ment of  animals  is  likewise  influenced 
by  the  absence  of  light  appears  from 
the  experiments  of  Edwards,  wlio 
found  that  tadpoles  when  deprived  of 
its  stimulus  do  not  undergo  the  trans- 
formation into  frogs.  In  the  same 
way,  the  development  of  man  is  im- 
peded where  the  free  access  of  solar 
light  is  jirevented,  and  here  undoubt- 
edly lies  one  of  the  chief  causes  of  the 
excessive  infantile  mortality  in  cities. 
This  mortality  decreases  rapidly  as 
the  children  grow  and  are  able  to  run 
out  of  doors.  The  influence  of  light  and 
the  fresh  air  then  begin  to  counteract 
the  bad  effects  of  their  close  and  dark 
abodes,  and  frequently  the  symptoms  of 
scrofula  and  rickets  are  observed  to 
disappear  solely  in  consequence  of  the 
beneficial  stimulus  of  pure  air  and 
solar  light.  On  the  other  hand,  those 
who  are  compelled  by  circumstances 
to  remain  much  within  doors  retain 
an  unhealthy  aspect.  The  functions 
of  the  skin,  of  the  lungs,  and  of  the 
heart,  are  lowered  in  tone,  and  nutri- 
tion becomes  imperfect.    The  blood 
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ceases  to  be  properly  constituted  and 
the  countenance  is  pale  and  flabby ; 
active  disease  speedily  follows,  and 
an  unhappy  existence  is  terminated 
by  early  death.  But  even  in  cases 
where  no  such  marked  result  ensues, 
and  where  life  is  prolonged  perhaps  to 
the  average  term,  the  evil  eft'ects  of 
the  deprivation  of  light  are  seen  in 
the  stunted  growth  and  general  de- 
terioration of  the  race.  Of  this  con- 
sequence M.  Fourcault  gives  the  fol- 
lowing striking  example.  The  inhabi- 
tants of  the  arondissement  of  Chimay 
in  Belgium,  about  3000  in  number, 
are  engaged  partly  as  coal-miners, 
and  partly  as  field-labourers.  The 
latter  are  tall  and  robust,  and  readily 
supply  their  proper  number  of  recruits 
to  the  army  ;  while  among  the  former 
it  is  in  most  years  impossible  to  find 
a  single  man  who  is  not  ineligible 
from  deformity  or  stunted  growth.* 
In  like  manner,  men  who  work  during 
the  night  and  sleep  during  the  day, 
never  j^fesent  the  vigorous  look  of 
healtli  which  distinguishes  well-fed 
day-labourers.  Hence  the  necessity 
which  exists,  particularly  in  a  climate 
favoured  with  so  little  sunshine  as 
ours,  of  endeavouring  always  to  select 
a  gootl  exposure  to  light  and  air  for 
our  dwellings,  and  of  resorting  to 
some  protecting  legislative  measures 
to  prevent  that  crowding  together  of 
low  damp  cellars  and  sunless  and  air- 
less roouis,  in  which  so  many  thou- 
sands of  the  poorer  classes  in  most  of 
our  large  towns  are  compelled  to  dwell, 
to  the  utter  sacrifice  of  every  comfort 
worth  living  for,  and  to  the  positive 
ruin  of  both  body  and  mind.  In  many 
of  the  Englisli  manufacturing  and 
other  towns,  a  great  proportion  of  the 
working  classes  live  either  in  cellars 
or  in  courts,  which  seem  as  if  construct- 
ed on  purpose  to  admit  the  smallest 
possible  portion  of  air  and  light  by 
which  human  existence  can  be  sus- 
tained. It  was  calculated  that  in 
Liverpool,  till  very  recently,  between 
thirty  and  forty  thousand  people  lived 
in  cellars  ;  and  the  consequences  to  the 

*  Causes  Cenorales  dcs  Maladies  Chro- 
niques,  p.  40.    Paris,  1844. 


health  of  the  community  were  so  seri- 
ous, that  the  bold  remedy  was  adopted 
of  declaring  such  habitations  illegal, 
and  ejecting  the  inmates  by  the  law. 
In  this  wav,  4700  cellars  had,  near  the 
end  of  1849,  been  cleared  of  20,000 
inhabitants.    In  Edinburgh  and  Glas- 
gow, thousands  of  the  poor  are  as 
badly  if  not  worse  lodged,  and  it  is 
appalling  to  thinli  of  the  amount  of 
misery  constantly  existing  around  us 
in  this  form,  sufficient  to  goad  on  the 
minds  of  its  victims  almost  to  madness, 
when  they  compare  their  own  lot  with 
that  of  the  riclier  classes  who  take  so 
little  heed  of  their  suffering,  and  are 
often  in  fact  but  little  aware  of  its 
existence.    It  is  fervently  to  be  hoped 
that  the  public  mind  is  becoming  alive 
to  the  perception  of  the  truth,  and 
that  tlie  efforts  made  by  the  Govern- 
ment will  prove  to  be  only  the  com- 
mencement of  a  series  of  measures 
calculated  to  improve  and  elevate  the 
condition  of  the  working  population, 
and  thus  to  keep  that  class  of  the 
community  from  the  dangerous  ex- 
pedient of  rising  in  open  violence  to 
rectify  what  is  amiss,  and  seeking  by 
force  the  means  of  happiness  which 
they  despair  of  being  able  to  wrest 
from  the  sympathy  of  their  fellow- 
creatures.  As  yet,  however,  no  general 
progress  has  been  made,  the  improve- 
ment which  has  taken  place  in  any 
single  disti'ictor  town  having  been  more 
than  counterbalanced  by  retrogression 
in  others.   Thus,  while  such  strenuous 
efforts  are  being  made  to  eradicate  the 
cellar  populations  of  Liverpool  and 
^Manchester,  we  find  another  rapidly 
growing  up  in  Marylnbone.*    "  I  have 
myself,"'  says  Mr  Grainger,  "examined 
some  of  these  kitchens,  as  they  are 
termed,  and  I  am  bound  to  say,  that 
in  construction  and  wretchedness  they 
are  more  objectionable  as  dwellings 
than  many  of  the  cellars  of  Liverpool 
and  Manchester,  the  use  of  which  has 
been  prohibited  by  the  authorities  of 
these  towns."'     Accordingly,  if  we 
take  the  cholera  as  a  test  of  sanitary 
improvement,  we  shall  find  that  the 

«  Appendix  11.  to  Report  on  Cholora  of 
1848-9,  by  Board  of  Hcrdth,  p.  CO. 
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condition  of  the  metropolis  is  now  con- 
siderably worse  than  it  was  in  1832. 
There,  during  the  first  epidemic,  one 
person  died  in  every  255  of  the  in- 
habitants ;  during  the  second,  the  rate 
was  one  in  151. 

The  share  which  absence  of  li'jht  has 
in  producing  disease,  is  well  illus- 
trated by  a  fact  mentioned  by  M. 
Fourcault.  His  attention  was  at- 
tracted by  the  mutilated  condition 
of  several  large  mulberry  trees,  the 
branches  of  which,  before  their  muti- 
lation, must  have  shaded  the  school- 
room in  which  a  number  of  orphan 
girls,  alFected  with  chronic  maladies, 
were  educated.  On  asking  the  reason 
of  the  mutilation,  he  was  informed 
that  the  shade  of  the  trees  visibly  in- 
creased the  severity  of  the  scrofulous 
affections,  and  that  a  very  favourable 
change  had  taken  place  in  the  condi- 
tion of  the  girls  since  the  free  access 
of  the  light  of  the  sun  had  been  per- 
mitted.* 

The  last  means  of  preserving  the 
healthy  activity  of  the  cutaneous  cir- 
culation and  exhalation  which  requires 
to  be  noticed,  is  that  of  avoiding  as 
much  as  possible  the  contact  of  noxious 
external  agents,  which  might  otherwise 
be  absorbed  by  virtue  of  the  inhaling 
power  of  the  skin,  and  thus  produce 
disease. 

The  chief  sources  of  external  agen- 
cies of  this  kind  are  impurities  in  the 
air  or  locality  in  which  we  live ;  con- 
tagious or  infectious  matter  tempor- 
arily in  contact  with  the  skin ;  and, 
lastly,  poisonous  or  injurious  substan- 
ces, such  as  poisonous  metallic  vapours 
to  which  workmen  are  exposed  in 
various  trades. 

A  damp  locality  or  air  is  the  most 
favourable  to  the  absorption  of  hurt- 
ful external  agents,  because  moisture 
affords  a  natural  stimulus  to  the  action 
of  the  absorbent  vessels.  Hence  ma- 
laria is  always  most  dangerous  after 
sunset  and  during  the  night  ;  and 
hence  also,  in  some  measure  at  least, 
the  watery  phlegmatic  constitutions 

*  Causes  Generates  des  Iilaladies  Cliro- 
niques,  p.  42. 


of  the  inhabitants  of  marshy  and 
moist  districts  of  country,  and  the  pre- 
valence of  ague  among  them.    On  the 
same  principle,  the  operation  of  dry 
heat  in  putting  a  stop  to  the  diffusion 
of  plague,  fever,  and  dysentery,  may 
be  i)artly  explained.    The  absence  of 
moisture  leaves  the  cutaneous  absorb- 
ents inactive,  while  the  heat  increases 
the  exhalation  from  the  skin.  Again, 
contagion  is  known  to  be  more  likely 
to  take  effect  on  a  person  who  is  fast- 
ing, than  on  one  who  is  well  fed : 
partly  because  in  the  former  state  the 
body  is  weakened,  and  has  less  power 
to  withstand  deleterious  iniluences ; 
partly,  as  we  have  already  observed, 
because  the  excretion  of  the  insensible 
perspiration  being  at  its  minimum,  the 
malaria  more  readily  rests  upon  the 
surface ;  and  partly  because,  in  the 
state  of  fasting,  the  system  craves  for 
a  supply,  and  a  readiness  to  absorb  is 
thus  produced — whereas,  in  the  well- 
fed  individual,  the  system  is  fortified, 
and  it  is  exhalation  that  is  stimulated. 
If  equal  doses  of  poison  be  adminis- 
tered to  two  dogs,  one  of  which  has 
been  previously  bled,  while  a  quantity 
of  water  has  been  injected  into  the 
veins  of  the  other,  the  poison  speedily 
takes  effect  in  the  first,  but  a  con- 
siderable interval  elapses  before  symp- 
toms of  poisoning  apjjear  in  the  second. 
In  the  one,  the  fluids  of  the  body 
having  been  reduced  by  bleeding,  ab- 
sorption is  active ;  in  the  other  it  is 
sluggish,  because  the  vessels  are  al- 
ready full.    In  tiie  navy,  this  prin- 
ciple is  recognised  and  acted  upon,  by 
never  exposing  the  crews  in  the  morn- 
ing to  the  dew  and  damps  of  warm 
climates  until  after  they  have  break- 
fasted.   "  I  have  been  often  asked," 
says  the  philanthropic  Howard,  "  what 
precautions  I  use  to  preserve  myself 
from  infection  in  the  prisons  and  hos- 
pitals I  visit  ?  I  here  answer,  once  for 
all,  that  next  to  tlie  mercy  and  good- 
ness of  God,  temperance  and  cleanli- 
ness are  my  preservatives.  Trusting 
in  Divine  Providence,  and  believing 
myself  in  the  way  of  duty,  I  visit  the 
most  noxious  cells,  and  while  thus  em- 
ployed, fear  no  evil.    I  never  enter  an 
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hospital  or  prison  before  breakfast,  and 
in  an  offensive  room  I  never  draw  my 
breath  deeply."*  The  equal  propriety 
of  the  last  precaution  will  be  made 
obvious  in  the  cliapter  on  respiration. 
In  fact,  Howard  may  be  cited  as  an 
example  of  the  practical  advantages 
derivable  fi"om  physiological  know- 
ledge, as  in  all  probability  he  owed 
the  preservation  of  his  life  during 
years  of  exposure  to  the  simple  sug- 
gestions afforded  by  his  early  medical 
education.!  It  is  probable  that  the  im- 
munity from  playue  which  is  said  to 
be  enjoyed  by  oilmen  and  others  whose 
skins  are  more  or  less  covered  with  oil 
or  grease,  arises  from  the  impediment 
wliich  such  a  state  of  the  surface  pre- 
sents to  the  process  of  absorption  being 
carried  on. 

When  one  is  obliged  to  live  in  a 
damj),  marshy,  or  malarious  district, 
the  means  of  protection  to  be  used 
have  a  dii-ect  reference  to  the  func- 
tions of  the  skin.  Whatever  keeps  up 
a  vigorous  circulation  and  healthy 
perspiration  on  the  surface,  and  af- 
fords least  scojie  for  the  action  of 
the  absoi'bents,  is  most  certain  to 
prove  efficacious.  A  good  nourishing 
diet,  ample  exercise,  cheerful  activity 
of  mind,  flannel-clothing  frequently 
changed,  friction,  and  fires,  are  all 
ascertained  to  be  beneficial,  and  all  of 
them  operate  on  this  principle.  The 
value  of  flannel  as  a  protection  has 
been  already  pointed  out  in  the  ex- 
perience of  ("aptain  JIurray  in  the 

*  Taylor's  Life  of  Ilowanl,  p.  124.  Lon- 
don, 1S36. 

+  Unfortunately  Howard  at  last  caught 
a  fatal  fever  at  Clierson.  His  earliest 
biographer,  Dr  Aikin,  expresses  some  doubt 
as  to  the  exact  nature  of  the  disense, 
but  adds  a  remark  which  juay  serve  as  a 
warning  to  some  of  our  readers.  "  At  any 
rate,"  says  he,  "  his  disease  was  certainly 
attended  witli  debility  of  tlie  vital  pnwei-s, 
and  therefore  the  long  and  fretjuent  use  of 
James's  powders  must  have  been  prejudicial. 
And  I  think  it  highly  probable  that  Jlr  Ho- 
ward's name  m.ay  be  added  to  the  numerous 
list  of  those,  whose  lives  have  been  sacrificed 
to  the  empirical  use  of  a  medicine  of  great 
activity,  and  therefore  capable  of  doing  much 
harm  as  well  as  good." — Aikin's  View  of  the 
Character,  &c.  of  Howard,  p.  197. 


West  Indies,  and  of  Sir  George  Bal- 
lingall,  Dr  Johnson,  and  others,  in  the 
East;  and  practically  the  same  confi- 
dence is  shewn  by  the  shepherds  of 
the  Rom.an  Canipagna  and  the  marshy 
districts  of  Greece,  who  clothe  them- 
selves in  woolly  sheep-skins  even  at 
raid-summer. 

From  what  we  have  said,  it  will 
be  evident  that,  when  attending  on 
friends  who  are  ill  of  contagious  or 
infectious  diseases,  the  more  we  invi- 
gorate the  other  functions  of  the  skin, 
and  the  less  we  stimulate  the  absorb- 
ents, the  greater  will  be  our  own 
security.  With  regard  to  the  protec- 
tion of  workmen  from  the  noxious 
fumes  of  metals,  dust,  and  other  im- 
purities, it  would  require  a  great  ex- 
tent of  detail  (m  matters  foreign  to  my 
present  design,  to  enter  upon  its  dis- 
cussion here.  All  that  f  can  add  is, 
that  in  adopting  protective  measures, 
scrupulous  regard  must  be  had  to  the 
constitution  and  functions  of  the  skin, 
if  we  expect  any  positive  advantage 
from  their  adoption. 


CHAPTER  VI. 

NATURE  01'  THE  MUSCULAR  SYSTEM. 

Having  examined  the  uature  and 
uses  of  the  skin,  we  may  next  proceed 
to  consider  the  important  system  of 
organs  lying  almost  immediately  un- 
der it,  namely  the  muscles,  which, 
although  in  constant  activity  during 
our  waking  hours,  and  of  indispensable 
necessity  to  man  in  every  movement 
which  he  makes,  are  perhaps  less  fa- 
miliarly known  than  almost  any  other 
part  of  the  body.  As  the  study  of  the 
muscular  system  involves  an  exposi- 
tion of  the  principles  which  should, 
regulate  exercise,  it  can  scarcely  fail 
to  excite  the  attention  of  the  general 
reader,  and  especially  of  those  who,  as 
parents  or  teachers,  are  interested  in 
the  education  of  the  young. 

The  muscles  are  those  distinct  and 
compact  bundles  of  fleshy  fibres  which 


DESCRIPTION  OF  THE  MUSCLES. 


83 


are  found  in  animals  immediately  on 
removing  the  skin  and  subjacent  fat ; 
and  which,  although  not  universally 
known  under  their  scientific  name,  are 
familiar  to  every  one  as  constituting 
the  red  fleshy  part  of  meat. 

Every  muscle,  or  separate  bundle 
of  fleshy  substance,  is  composed  of  in- 
numerable small  fibres  or  threads,  each 
separated  fi-om,  and  at  the  same  time 
loosely  connected  with  the  others,  by 
a  sheath  of  areolar  tissue*  enveloping 
it,  but  which  is  so  thin  as  not  to  ob- 
scure the  colour  of  the  fibre,  or  attract 
notice  unless  specially  looked  for. 
Each  muscle,  in  like  manner,  is  separa- 
ted fi'om  the  neighbouring  muscles  by 
thicker  layers  or  sheaths  of  the  same 
tissue,  in  some  of  the  cells  of  which 
fat  is  deposited,  especially  where  the 
interval  between  the  muscles  is  con- 
siderable ;  and  hence  the  elegantly 
rounded  form  of  the  limbs,  whicli, 
without  this  fat,  would  present  the 
rigid,  sharp,  and  prominent  outline 
which  we  see  occasionally  in  strong 
persons  of  a  spave  habit  of  body.  From 
the  loose  texture  of  the  connecting 
areolar  tissue,  the  muscles  enjoy  per- 
fect fi-eedom  of  motion  during  life, 
and  admit  of  being  easily  separated 
from  each  other  after  death,  either  by 
the  knife,  or  by  simply  tearing  the 
areolar  tissue. 


Muscles,  speaking  generally,  may  be 
divided  into  three  parts,  of  which  the 
middle  fleshy  portion,  called  the  belly, 
is  the  most  conspicuous  and  important. 
The  two  others  are  the  opposite  ends, 
commonly  called  the  ori</iii  and  inser- 
tion of  the  muscle.  The  belly  is  the 
bulky  and  fleshy  part,  by  the  contrac- 
tion or  shortening  of  the  fibres  of 
which  the  two  ends  are  brought  nearer 
to  each  other,  while  the  belly  itself 
swells  out  in  a  lateral  direction.  When 
we  attempt  to  lift  a  heavy  weight  in 
the  hand,  or  to  overcome  any  resist- 
ance, the  muscles  which  bend  the  arm 
may  be  seen  and  felt  to  start  out  rigid 
and  well-defined  in  their  whole  extent, 
while  their  extremities  tend  power- 
fully to  approach  each  other,  and  of 
course  to  pull  along  with  them  the 
bones  to  which  they  are  attached.  In 
consequence  of  this  tendency,  if  a 
weight  be  unexpectedly  knocked  out 
of  the  hand,  the  muscles,  having  then 
no  resistance  to  overcome,  will  con- 
tract violently,  and  throw  the  hand 
up  with  a  sudden  jerk,  Jlotion  is,  in 
fact,  effected  by  the  contraction  of 
muscles  acting  upon  and  changing  the 
relative  positions  of  the  bones  or  solid 
framework  of  the  system,  and  there- 
fore almost  all  muscles  are  attached 
to  one  bone  by  their  vri-jin,  and  to  an- 
other by  their  insertion    tlie  former 


Fig.  3. 


being  merely  the  fixed  extremity,  to- 

•  The  areolar  tissue  was  formerly  usu- 
ally described  as  cellular  tissue,  but  this 
latter  designation  has  of  late  been  pretty 
generally  confined  to  the  elcjnentary  cel- 
lular structure  of  the  various  organs,  as 
shewn  by  the  microscope.    The  connecting 


wards  which  tlio  oi)posite  and  more 
moveable  end,  called  the  insenioii,  is 

tissue  under  nolice  was  termed  cellular, 
from  the  interstices  or  cells  contained  be- 
tween its  libres,  and  the  term  areolar  (from 
areola,  a  little  compartment)  is  of  analogous 
oriiirin. 
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carried  by  the  shortening  of  the  in- 
tervening belly  of  the  muscle.  These 
points  will  be  readily  understood  on 
inspection  of  Fig.  3,  which  represents 
the  bones  of  the  iirm  and  hand,  having 
all  the  soft  parts  dissected  off  except 
one  muscle,  0  B  I,  of  which  the  func- 
tion is  to  bend  the  arm.  0  indicates 
the  origin  of  the  muscle  ;  B,  the  belly ; 
I,  the  insertion  ;  T  T,  the  tendons ; 
S,  the  shoulder-joint;  E,  the  elbow. 
When  the  belly  contracts,  the  muscle 
becomes  shorter,  and  the  lower  ex- 
tremity of  the  muscle  I  is  consequently 
brought  nearer  to  the  origin  or  fixed 
point  0.  The  arm  is  thus  bent  at  the 
elbow-joint,  and  the  weight  W  raised 
by  the  hand. 

If  the  muscles  are  in  general  at- 
tached to  bones,  it  may  be  asked, — 
How  can  the  bones,  which  present 
comparatively  so  small  a  surface,  afford 
sjjace  enough  for  the  attachments  of 
muscles  which  are  so  much  larger,  and 
which  even  appear  in  successive  layers 
above  each  other  ?  This  difficulty  is 
obviated  in  two  ways.  In  the  first 
place,  the  heads  and  other  parts  of 
bones  to  which  muscles  are  attached, 
are  enlarged  so  as  to  present  a  greater 
surface  than  the  body  of  the  bone,  and 
form  what  are  called  processes,  for  the 
express  purpose  of  affording  greater 
room ;  and,  secondly,  instead  of  all  the 
fleshy  fibres  of  a  muscle  being  pro- 
longed to  its  point  of  attachment  at 
the  bone,  they  with  a  few  exceptions 
terminate  gradually,  as  they  proceed 
from  the  belly,  in  a  white  shining 
tendon,  of  a  much  smaller  size  than 
the  muscle,  but  of  great  strength,  and 
which  is  inserted  into  the  bone.  These 
tendons,  or  sinews,  as  they  are  more 
familiarly  named,  conduce  greatly  to 
symmetry,  elegance,  and  freedom  of 
motion.  They  may  be  traced  under 
the  skin  on  the  back  of  the  hand,  and 
in  the  very  powerful  specimen  at  the 
heel,  called  the  tendon  of  x\chilles. 
The  hamstrings  are  another  obvious 
example,  as  they  may  be  plainly  felt 
becoming  tight  when  an  effort  is  made 
to  bend  the  knee.  There  are  a  few 
muscles  not  attached  to  bones  by  either 
extremity,  and  also  a  few  which  have 


no  tendons.  Those  which  surround 
the  eyes,  the  mouth,  the  gullet,  and 
some  of  the  other  natui-al  passages, 
are  of  the  former  description  ;  as  is 
also  the  heart.  Some  of  the  muscles 
of  the  trunk  have  no  tendons,  but 
these  are  so  few  that  they  may  at  pre- 
sent be  considered  as  exceptions  to  the 
general  rule. 

In  man,  and  in  most  of  the  animals 
with  which  we  are  familiar,  the  muscles 
are  of  a  red  colour.  This,  however, 
depends  entirely  on  the  blood  which 
they  contain ;  for  so  far  is  the  colour 
from  being  essential  to  their  constitu- 
tion, that  it  may  be  destroyed  by  wash- 
ing out  the  blood  which  produces  it, 
while  the  muscular  substance  remains 
in  other  respects  unchanged.  Hence 
the  colour  of  the  muscles  depends  in  a 
great  measure  on  the  quantity  and  qua- 
lity of  the  blood  circulating  through 
them.  It  is  dark  in  game,  light  in  young 
animals  and  fowls,  and  white  in  fishes. 
The  want  of  colour  in  the  last  "  relates 
to  the  comparatively  small  proportion 
of  red  blood  circulated  through  the 
muscular  system,  and  to  tlie  smaller 
proportion  of  the  red  particles  in  the 
blood  of  fishes."  The  bonito  and 
tunny  have  red  muscles  from  an  in- 
creased quantity  of  blood,  but  "the 
deep  orange  colour  of  the  flesh  of  the 
salmon  and  char  depends  on  a  peculiar 
oil  diffused  through  the  cellular  sheaths 
of  the  fibres.'"*  In  ultimate  chemical 
constitution,  the  blood  and  muscles 
approach  so  closely  that  the  former 
is  sometimes  called  by  the  French 
"  chair  coulante,"'  or  liquid  flesh. 
They  contain  nearly  the  same  propor- 
tions of  carbon,  nitrogen,  oxygen,  and 
hydrogen,  are  of  nearly  the  same  spe- 
cific weight,  and  the  proportion  of 
water  which  blood  contains,  very  little 
exceeds  that  found  in  muscle.  Hence 
the  conversion  of  blood  into  muscle 
would  seem  to  be  little  else  than  a 
re-arrangement  of  particles. 

The  true  characteristic  of  muscular 
fibres  is  contructility ,  or  the  i^ower  of 
shortening  their  siibstance  on  the  appli- 

*  Owen's  Lectures  on  the  Comparative 
Anatomy  of  the  Vertebrate  Animals,  vol.  i., 
p.  169. 
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cation  of  stimuli,  and  again  relaxing 
xvhen  the  stimidus  is  withdraivn. 

Fis.  4. 


The  muscles  of  the  human  body  ex- 
ceed 400  in  numbei',  and  form  several 
layers  lying  over  each  other.  That 
some  conception  may  be  formed  of 
their  arrangement  and  distribution, 
the  superficial  layer,  or  that  which  ap- 
jjears  immediately  on  removing  the 
skin,  is  represented  in  Fip.  4,  taken 
from  a  little  volume  entitled  "  The 
Physician,"  published  by  the  Society 
for  the  Diffusion  of  Useful  Knowledge, 


To  understand  the  uses  of  the  various 
muscles,  the  reader  has  only  to  bear  in 
mind  that  the  object  of  muscular  con- 
traction is  simply  to  bring  the  two  ends 
of  the  muscle,  and  the  parts  to  which 
they  are  attached,  nearer  to  each  other, 
the  more  moveable  being  alwayscarried 
towards  the  more  fixed  point.  Thus 
when  the  sterno-niastoid  muscle  /  g, 
contracts,  its  extremities  apjjroximato, 
and  the  head,  being  the  moveable 
point,  is  pulled  down  and  turned  to 
one  side.  This  may  be  easily  seen  in 
the  living  subject,  the  muscle  being 
not  less  conspicuous  than  beautiful  in 
its  outline.  Again,  when  the  power- 
ful rectus  or  straight  muscle  b  on  the 
front  of  the  thigh  contracts  with  force, 
as  in  the  act  of  kicking,  its  lower  end, 
attached  to  the  knee-pan  and  leg, 
tends  to  approximate  to  the  upper  or 
more  fixed  point,  and  pulls  the  leg 
strongly  forwards.  This  occurs  also 
in  walking.  But  when  the  sartorius 
or  tailor's  muscle  c  is  put  in  action, 
its  course  being  oblique,  the  move- 
ment of  the  leg  is  no  longer  in  a  straight 
line,  but  in  a  cross  direction,  like  that 
in  which  tailors  move  their  legs  when 
they  sit  down  to  work  ;  and  hence  the 
name  sartonus. 

Another  variety  of  effect  occurs, 
when,  as  in  the  rectus  or  straight  muscle 
of  the  belly  i  i,  sometimes  one  end  and 
sometimes  both  are  the  fixed  points. 
When  the  lower  end  is  fixed,  the 
muscle  bends  the  body  forward,  and 
pulls  down  the  bones  of  the  chest. 
When,  as  more  rarely  happens,  the 
lower  end  is  the  moveable  point,  the 
effect  is  to  bring  forward  and  raise 
the  pelvis  and  inferior  extremities ; 
and,  when  both  ends  are  rendered  im- 
moveable, the  contraction  of  the  muscle 
tends  to  compress  and  diminish  the 
size  of  the  cavity  of  the  belly,  and 
thus  not  only  assists  the  natural  eva- 
cuations, but  co-operates  in  the  func- 
tion of  respiration. 

In  contemplating  this  arrangement, 
it  is  impossible  not  to  be  struck  with 
the  consummate  skill  with  which  every 
act  of  every  organ  is  turned  to  account. 
When  the  chest  is  expanded  by  a  full 
inspiration,  the  bowels  are  pushed 
downwards  and  forwards  to  make  way 
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for  the  lungs;  when  the  air  is  again 
expelled,  and  the  cavity  of  the  chest 
diminished,  the  very  muscles,  i  i  i, 
which  effect  this  by  pulling  down  the 
ribs,  contract  upon  the  bowels  also  and 
push  them  upwards  and  inwards,  as 
can  be  plainly  perceived  by  any  one 
who  attends  to  his  own  breathing.  By 
this  contrivance,  a  gentle  and  constant 
impulse  is  given  to  the  stomach  and 
bowels,  which  is  of  great  importance 
to  them  by  propelling  their  contents 
and  so  contributing  to  digestion  ;  and 
one  cause  of  the  costiveness  with  which 
sedentary  people  are  so  habitually  an- 
noyed, is  the  diminution  of  the  natural 
motion  of  the  bowels  in  consequence 
of  bodily  inactivity. 

From  the  preceding  exposition,  the 
action  of  tlie  muscles  akl,  which  bend 
the  arm  and  the  fore-arm,  will  be 
easily  understood,  and  some  notion 
may  be  formed  of  the  innumerable 
combinations  into  which  a  system  com- 
posed of  upwards  of  400  pieces  may 
be  thrown,  in  efiecting  all  the  move- 
ments required  from  the  human  frame. 
In  some  of  the  operations  in  which  M-e 
engage,  nearly  the  whole,  and  in  others 
only  a  few,  of  the  muscles  are  thrown 
into  action  at  one  time.  The  simul- 
taneousncss  of  action  which  obtains  in 
such  instances,  and  which  occurs  in 
almost  every  act  of  life,  however  sim- 
ple, and  without  which  no  dictate  of 
the  will  could  be  harmoniously  and 
successfully  obeyed,  depends  solely  on 
the  distribution  and  connection  of  the 
nerves  which  animate  the  muscles. 
Every  individual  fibre  of  every  muscle 
is  supplied  with  nervous  filaments, 
and  different  fibres  of  the  same  muscle 
are  indebted  for  the  simultaneousness 
of  their  excitement  to  the  stimulus  be- 
ing conveyed  to  each  of  them  by  fila- 
ments of  the  same  nerve.  And,  in  like 
manner,  wherever  many  muscles  com- 
bine to  execute  an  important  move- 
ment, they  are  uniformly  found  to  be 
provided  with,  and  connected  by, 
branches  from  the  same  system  of 
nerves ;  as,  without  this  means,  simul- 
taneousness of  action  could  not  be  in- 
sured. 

From  this  peculiar  constitution  of 
the  muscles,  it  will  be  obvious  that 


their  chief  purpose  is  to  enable  us  to 
carry  into  effect  the  various  resolutions 
and  designs — or  volitions,  as  they  are 
termed  by  philosophers, — which  have 
been  formed  by  the  mind.  The  mus- 
cles, accordingly,  form  the  grand  in- 
struments by  which  man  acts  upon  the 
external  world,  and  is  acted  upon  by 
his  fellow-creatures.  When  the!^infaiit 
clings  to  its  mother's  bosom,  it  does  so 
by  calling  its  little  muscles  into  J)lay. 
When  its  cries  assail  her  ear,  and 
alarm  her  feelings,  it  is  by  muscular 
action  they  are  produced.  When  she 
flics  to  its  relief,  or  lulls  it  to  sleep  by 
some  simple  chant,  her  muscles  are 
still  the  medium  by  which  her  sym- 
pathy and  affection  are  ex^^ressed. 
Life  itself  is  sustained  by  the  constant 
exercise  of  muscular  power ;  and  were 
either  the  heart  or  the  muscles  of 
respiration  to  forget  their  part  for  a 
few  minutes,  existence  would  be  at  an 
end.  Without  the  concui'rence  of  the 
muscular  power,  man's  grandest  con- 
ceptions and  most  energetic  resolutions 
would  remain  equally  unknown  and 
unfulfilled.  Without  muscular  power 
whereby  to  communicate  with  their 
fellow-men,  Shakspeare  and  Milton 
would  have  remained  mute  as  tlie 
statues  which  now  represent  their 
bodily  form,  and  the  immortal  crea- 
tions of  their  minds  would  have  been 
lost  to  the  world  for  ever.  Mind  is, 
no  doubt,  the  high  and  directing 
power;  but  without  obedient  muscles, 
ready  at  a  call  to  minister  to  its  wants, 
mind  would  remain  isolated  in  the  j 
midst  of  creation,  and  could  neither 
speak,  nor  hear,  nor  touch.  Amid  the 
loss  of  children  and  friends,  and  even 
amid  the  wreck  of  worlds,  mind,  with-- 
out  muscles  to  express  its  feelings, 
would  look  on  in  apparent  apathy, 
even  when  its  aflfections  were  torn  and 
its  sufferings  were  intense. 

The  muscles,  then,  are  the  indis- 
pensable agents  and  servants  of  the 
mind  and  will.  But  we  have  yet  to 
inquire  by  what  means  the  will  exerts 
its  influence  over  them.  As  the  mind 
does  not  reside  in  the  muscles  them- 
selves, something  more  is  evidently 
required  to  establish  and  keep  up  a 
communication  between  the  two,  and 
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for  the  production  of  regulated  or 
voluntary  motion.  Something  is  re- 
quired, at  once  to  excite  the  muscles  to 
activity,  and  to  direct  their  contrac- 
tions. Without  this,  the  muscle  itself, 
though  perfect  in  strength  and  in  struc- 
ture, would  remain  inert.  Now,  this 
stimulus  and  guidance  are  conveyed 
to  it  by  the  nerves.  As  we  write, 
the  muscles  which  move  the  fincrers 
and  guide  the  pen  obviously  follow 
the  commands  of  the  will ;  and  the 
moment  the  will  is  withdrawn,  they 
cease  to  operate.  If  the  will  be  feeble 
and  undecided,  the  muscular  move- 
ments will  be  equally  weak  and  irreso- 
lute ;  whereas,  if  the  mind  be  power- 
fully excited,  and  the  will  energetic, 
strength,  rapidity,  and  decision,  will 
equally  characterize  all  the  movements 
of  the  body.  Under  the  intense  ex- 
citement and  headlong  fury  of  mad- 
ness, the  muscular  action  of  an  other- 
wise feeble  man  acquires  a  force  often 
exceeding  all  our  powers  of  control. 

It  will  be  at  once  perceived  from 
this  descri2)tion,  that  in  eft'ecting  vo- 
luntary motion,  we  must  have  in  opera- 
tion, 1st,  The  brain,  or  organ  of  mind, 
as  the  source  of  the  will;  2dhj,  the 
nerves,  which  convey  the  intimations 
of  tlie  will  to  the  muscles;  and,  'idly, 
the  muscles  themselves,  by  whose  con- 
tractile powers  motion  is  produced. 
It  will  be  understood,  also,  why  the 
number  and  size  of  the  nerves  distri- 
buted to  a  muscle  are  in  proportion, 
not  simply  to  its  volume,  but  to  the 
variety,  frequency,  and  vivacity  of  the 
movements  required  from  it ;  and  why 
some  small  muscles  employed  in  many 
combinations,  are  therefore  supplied 
with  a  greater  variety  of  nerves  than 
others  double  their  size,  but  with  more 
simple  functions. 

Various  attempts  have  been  made 
to  determine  the  amount  of  the  con- 
tractile power  of  muscular  fibre ;  but, 
from  the  very  nature  of  the  investiga- 
tion, the  results  obtained  can  be  re- 
garded as  approximative  only.  Exjje- 
riments  have  also  been  undertaken 
with  the  view  of  shewing  the  great 
advantage  possessed  by  muscular  tis- 
sue over  other  substances  as  a  locomo- 


tive material.  It  has  been  proved,  for 
instance,  that  a  fibre  of  silk  of  the 
thickness  of  one  square  millimetre 
(which,  though  not  muscle,  is  of  animal 
origin),  w  ill  support  as  great  a  weight 
as  a  copper  wire  of  similar  thickness, 
while  the  silk  has  the  advantage  of  be- 
ing nine  times  specifically  lighter.* 
Such  calculations  are  curious,  as  shew- 
ing the  great  power  of  resistance  which 
may  be  exercised  by  dead  animal  fibre ; 
but  they  afford  no  data  for  estimating 
the  contractile  power  of  the  living 
muscle.  Valentin  found,  from  experi- 
ments on  the  dead  subject,  that  the 
tendon  of  Achilles  is  capable  of  sup- 
porting more  than  seven  times  the 
weight  of  the  bodyjt  consequently,  as 
the  snapping  asunder  of  this  tendon 
by  the  powerful  contraction  of  its 
muscle  occasionally  occurs,  we  thus 
obtain  some  data  for  an  estimate  of  the 
surprising  contractile  power  which  a 
muscle  under  powei'ful  stimulus  is 
capable  of  exerting.  The  large  and 
strong  thigh-bone  has  been  broken  by 
the  muscular  struggle  of  epilepsy. 

Other  circumstances  being  equal, 
muscular  power  is  proportioned  to  the 
size  of  the  muscle ;  but  it  often  hap- 
jjens  that  great  power  is  required 
where  bulk  of  muscle  would  be  incon- 
venient or  cumbersome.  In  such 
cases,  the  muscle  is  supplied  with  an 
increased  endowment  of  nervous  fila- 
ments, which  compensate,  by  the 
strength  of  stimulus,  for  what  it  wants 
in  bulk  of  fibre.  Alany  birds,  for  ex- 
am23le,  require  great  muscular  power 
to  sustain  them  in  their  long  and  rapid 
flights  through  the  air,  and  owe  its 
possession  chiefly  to  the  strong  stimu- 
lus imparted  to  moderate-sized  mus- 
cles by  large  nerves,  which  add  ex- 
tremely little  to  their  weight ;  whereas, 
had  the  greater  power  been  obtainable 
only  from  an  augmentation  of  flesliy 
fibres,  the  consequent  addition  of 
weight  would,  from  the  greatly  in- 
creased difficulty  the  animal  must  have 
felt  in  raising  and  sustaining  itself  in 
the  air,  have  gone  far  to  counterbal- 
ance any  advantage  gained  on  the  side 

«  Valentin's  Lehrbucli,  &c.,  vol.  i.,  p.  31. 
t  Ibid,  p.  34. 
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of  power.  But  in  fishes,  which  float 
without  effort  in  their  own  element, 
size  produces  no  such  inconvenience, 
and  their  strength,  accordingly,  is 
made  to  depend  more  on  the  volume  of 
the  muscle  than  on  its  nervous  endow- 
ment,— shewing  a  beautiful  adaptation 
of  its  structure  to  the  mode  of  life  and 
wants  of  the  animal. 

Since  voluntary  motion  depends  as 
much  on  nervous  stimulus  as  on  mus- 
cular agency,  it  happens,  that  whatever 
interrupts  the  action  of  the  nerves 
puts  a  stop  to  motion  as  effectually 
as  if  the  muscular  fibre  itself  were 
divided.  Injuries  and  diseases  of  the 
brain,  whence  the  will  emanates,  are 
well  known  to  be  accompanied  with 
palsy,  or  want  of  power  in  the  muscles, 
although  in  their  own  structure  the 
latter  remain  sound.  Sleep  and  nar- 
cotics, too,  suspend  voluntary  motion, 
solely  in  consequence  of  their  action 
on  the  nervous  system.  Ardent  spi- 
rits, in  like  manner,  disturb  the  regu- 
larity of  muscular  action  in  no  other 
way  than  by  previously  disordering 
the  brain ;  and  hence,  the  unsteady 
gait  and  faltering  elocution  of  a  semi- 
intoxicated  pei'son  are  sometimes  re- 
moved in  an  instant,  by  some  power- 
ful mental  impression  being  suddenly 
made,  sufficient  to  restore  the  brain  to 
its  natural  state,  and  thereby  to  give 
unity  and  steadiness  to  the  nervous 
impulse  proceeding  from  it  to  the 
muscles.  For  the  same  reason,  although 
the  brain  and  muscles  be  perfectly 
sound,  yet  if  the  communication  be- 
tween them  be  impaired  or  destroyed 
by  the  compression  or  division  of  the 
nerves,  the  muscles  cease  to  act. 

The  stimulus  which  causes  the  mus- 
cles to  contract,  issues  from  that  part 
of  the  nervous  system  which  is  lodged 
in  the  cavity  of  the  spinal  column, 
and  which  has  hence  received  the  name 
of  the  spinal  cord.  But  the  spinal  cord 
must  itself  receive  a  stimulus  to  cause 
it  to  send  forth  the  mandate  to  the 
muscles  to  contract,  and  this  stimulus 
may  be  either  voluntary  or  involun- 
tary. The  spinal  cord  constitutes,  as  it 
were,  a  passive  instrument,  charged 
with  the  power  which  excites  the 
muscles  to  contraction ;   and  it  dis- 


charges this  power  according  to  the 
nature  of  the  stimulus  brought  to  bear 
on  it.    The  spinal  cord  is  a  long  tract 
of  nervous  matter  extending  from  the 
brain  to  the  region  of  the  loins,  and 
giving  off  in  its  course  nerves  to  the 
various"  organs  and  tissues  of  the  body. 
Sir  Charles  Bell  was  the  first  to  shew 
that  these  nerves  are  of  compound 
structure,  and  contain  fibres  whose  of- 
fice it  is  to  convey  the  mandate  from 
the  spinal  cord  to  the  muscles,  and 
other  fibres  which  serve  to  convey  to 
the  spinal  cord  the  impressions  made 
on  their  peripheral  extremities.  The 
first  are  the  nerves  of  motion,  the  lat- 
ter the  nerves  of  sensation.  These 
two  classes  are  also  sometimes  called 
the  efferent  and  afferent  nerves,  from  the 
former  carrying  a  stimulus  outwards, 
and  the  latter  conveying  an  impres- 
sion inwards.    The  spinal  cord,  then, 
is  at  its  sujjerior  extremity  in  com- 
munication with  the  brain,  and,  along 
the  whole  extent  of  its  course,  with 
the  afferent  nerves.    From  the  bi'ain 
it  receives  the  impression  produced  by 
stimuli  originating  there,  and  through 
the  afferent  nerves  the  impression  of 
stimuli  operating  on  their  peripheral 
extremities.    On  the  nature  of  these 
stimuli  it  depends  whether  the  result- 
ing movements  be  voluntary  or  in- 
voluntary.   They  are  voluntary  when 
the  stimulus  to  action  is  the  result 
of  the   will ;  they  are  involuntary 
when  the  stimulus  is  either  emotional, 
or  derived  from  the  impressions  made 
on  the  peripheral  extremities  of  the 
nerves  of  sensation.    Hence,  involun- 
tary motions  may  have  either  a  mental 
or  a  physical  origin ;  and  though  in 
adult  man  the  movements  which  result 
from  the  exercise  of  the  will  predomi- 
nate, there  are  many  which,  being 
the  consequences  of  emotional  or  me- 
chanical stimuli,  no  effort  of  the  will 
enables  us  to  control.     A  ludicrous 
idea,  for  instance,  will  at  times  over- 
come our  most  strenuous  efforts  to  re- 
sist laughter,  and  no  voluntary  effort 
which  we  can  exert  will  enable  us  to 
withstand  the  tendency  to  cough,  pro- 
duced by  the  tickling  of  the  windpipe 
by  a  lump  of  mucus.  The  irritation  in 
the  latter  case  is  conveyed  along  the 
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sensitive  branches  of  the  nerves  to  the 
spinal  cord,  and  is  there  "  reflected,"  as 
the  phrase  is,  on  the  motor  branches 
which  convey  to  the  muscles  the  sti- 
I   mulus  to  contract.    That  combination 
I   of  muscular  contractions  which  pro- 
I   duces  coughing  follows,  and  the  offend- 
ing or  stimulating  body  is  expelled. 
From  the  "  reflection"  of  the  stimulus 
which  thus  takes  place,  the  resulting 
t   movements  have  received  the  name  of 
the  reflex  motions ;  and  we  shall  in  the 
sequel  occasionally  make  use  of  this 
term  in  contradistinction  to  the  purely 
voluntary  motions,  although,  in  strict- 
ness, the  expression  might  be  equally 
ajiplied  to  movements  resulting  from 
j  the  stimulus  of  the  will.    As  we  de- 
i  scend  in  the  scale  of  animal  life,  the 
'   reflex  motions  acquire  predominance 
in  proportion  as  the  brain  is  less  deve- 
loped ;  till  at  last  the  motions  become 
entirely  automatic,  and  the  animal  re- 
sponds like  a  mere  piece  of  machinery 
to  the  application  of  appropriate  sti- 
muli. 

In  man,  the  will  exercises,  in  the 
healthy  state,  a  certain  degree  of  con- 
trol over  the  reflex  movements  ;  but  in 
some  diseased  conditions  this  control- 
ling power  is  weakened  or  totally  with- 
drawn, and  the  body  is  then  subjected 

j  to  a  variety  of  involuntary  movements, 
which  may  arise  either,  \st,  from  the 

I  iri'itation  of  the  peripheral  extremi- 
ties of  the  nerves  ;  2dly,  from  an  abnor- 
mally excited  condition  of  the  spinal 
cord  itself ;  or,  Bdbj,  as  is  generally 

j  the  case,  from  a  combination  of  both 

I  of  these  causes.  This  is  exemplified 
in  hydrophobia,  where  the  least  breath 
of  air,  acting  as  a  stimulus  on  the  cu- 
taneous nerves,  produces  the  most  fear- 
ful convulsions ;  and  in  chorea,  or  St 
Vitus's  Dance,  in  which  the  involun- 
tary movements  are  due  chiefly  to  an 
abnormally  irritable  state  of  the  spinal 
cord,  arising  apparently  from  a  dis- 
eased state  of  the  blood.    The  follow- 

I  ing  case,  extracted  from  Dr  Graves' 
Clinical  Lectures,*  is  an  instance  of  a 
severe  attack  of  the  latter  disease, 
and  will  shew  how  completely  the 
voluntary  control  of  the  muscular 

*  Vol.  i.,  p.  533. 


movements  of  the  body  may  be  lost. 
"  When  at  its  height  the  disease  pre- 
sented a  truly  appalling  spectacle  ; 
every  part  of  the  system  of  voluntary 
muscles  seemed  to  be  affected ;  all  the 
directing  influence  of  volition  ceased, 
and  the  muscles  everywhere  were  a,t;i- 
tated  by  sudden,  violent,  and  jerking 
motions,  which  constantly  and  forcibly 
changed  the  position  of  her  limbs, 
throwing  her  into  attitudes  the  most 
varied,  and  succeeding  each  other 
with  extraordinary  rapidity.  Her 
arms  were  indeed  thrown  about  with 
such  force  that  it  became  necessary  to 
cover  with  blankets  and  soft  padding 
the  sides  of  tlic  sofa  on  which  she  lay, 
and  in  spite  of  this  and  other  precau- 
tions her  limbs  were  soon  covered 
with  bruises.  Her  state  was  truly 
pitiable ;  one  or  two  persons  were 
constantly  engaged  in  preventing  her 
rolling  oif  the  couch ;  now  and  then 
she  sat  down  suddenly,  made  an  in- 
voluntary effort  to  assume  the  erect 
position,  and  as  suddenly  flung  herself 
down  ;  meanwhile  her  limbs  were 
flexed,  extended,  thrown  backwards 
and  forwards  with  increased  rajjidity. 
At  one  moment  her  hand  would  be 
struck  against  her  head,  and  at  the 
next  passed  behind  her  back.  It  was 
almost  impossible  to  keep  her  covered 
with  clothes,  for  the  constant  motion 
of  the  limbs  often  tossed  the  sheets, 
blankets,  and  quilts  off  together,  and 
not  unfrequcntly  even  stripped  her  of 
her  stockings." 

Since  the  muscles  which  are  usually 
subject  to  the  will  may  be  thus 
thoroughly  withdrawn  from  its  con- 
trol, it  follows  that  to  describe  them  as 
"voluntary"  in  contradistinction  to  the 
uniformly  "  involuntary"  muscles  is 
incorrect,  their  voluntary  or  involun- 
tary action  being  entirely  dependent 
on  the  nature  of  the  stimulus  issued  to 
them  by  the  sjjinal  cord.  In  man  it  is 
extremely  difficult,  if  not  altogether 
impossible,  to  draw  a  strict  line  be- 
tween voluntary  and  involuntary  mo- 
tion. In  the  healthy  and  waking 
state  most  of  the  muscles  are  undoubt- 
edly under  the  control  of  the  will  when- 
ever we  clioose  to  exorcise  it ;  but 
there  are  times  when  even  the  best . 
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defined  voluntary  motions  appear  to 
become  purely  reflex  or  automatic. 
Thus,  motions  acquired  at  first  by 
voluntary  effort  may  by  practice  be- 
come so  habitual,  as  to  be  performed 
mechanically  and  M'ithout  our  consci- 
ousness. For  instance,  an  individual 
wrapped  in  thought  walks  on  uncon- 
sciously, and  the  muscles  of  his  legs 
continue  to  contract  without  any  spe- 
cial effort  of  the  will.  The  weary 
soldier  has  been  known  to  continue  his 
march  asleep  ;  and  here  it  would  al- 
most seem  as  if  the  contact  of  the  foot 
with  the  ground  yielded  stimulus  suffi- 
cient to  continue  the  act  of  progression. 

From  facts  like  this,  and  from  the 
light  which  compai'ative  anatomy 
throws  on  the  physiology  of  the  ner- 
vous system,  the  conclusion  must  be 
di-awn,  that  the  part  of  the  nervous  cen- 
tres which  2)roduces  muscular  move- 
ments and  adapts  them  to  certain 
ends,  is  different  from  the  part  which 
thinks  and  wills.  The  former  part 
is,  in  man,  generally  under  the  control 
of  the  latter,  but  nevertheless  often 
acts  independently  of  it.  Accordingly, 
while  muscular  action  may  be  directed 
by  the  will  when  this  is  excited,  it  is 
performed  on  the  impulse  of  other 
stimuli,  when  the  thinking  and  will- 
ing jjortion  is  wrapped  in  study  or 
sleep.  In  both  cases,  the  part  of  the 
nervous  centres  from  which  the  motor 
power  issues  is  the  same  ;  the  differ- 
ence lies  merely  in  the  cause  which 
excites  the  power  to  action.  The  cere- 
bro-spinal  nervous  mass,  though  com- 
posed, as  we  shall  afterwards  see,  of  a 
congeries  of  organs,  may  accordingly 
here  be  considered,  so  far  as  muscular 
motion  is  concerned,  as  falling  into 
two  principal  divisions  ;  the  superior 
cerebral,  or  voluntary  and  guiding 
portion, — and  the  inferior  or  spinal 
portion,  which  produces  and  combines 
the  automatic  movements  in  obedience 
to  whatever  stimulus  operates  upon  it. 
In  this  sense  the  spinal  portion  of 
the  nervous  system  includes  those  por- 
tions of  the  nervous  mass  which  have 
received  from  anatomists  the  name  of 
the  genfory  ganglia  and  the  medulla 
oblongata,  and  which,  from  their  lying 
within  the  cavity  of  the  skull,  are 


generally  counted  as  part  of  the  brain.'" 
The  spinal  cord,  too,  though  usually 
spoken  of  as  one  organ,  is  in  reality 
composed  of  a  congeries  or  string  of 
organs,  each  forming  a  centre  for  the 
production  of  nervous  power.  Hence  it 
is  not  of  equal  size  throughout,  but  is 
largest  in  those  parts  which  are  most 
called  on  for  a  supply  of  nervous 
energy.  This  is  tlie  case  at  its  supe- 
rior extremity,  where  the  nerves  of 
respiration,  which  are  in  constant  ac- 
tion, are  given  off;  and  it  is  the  case 
also  in  the  cervical  and  lumbarregions, 
whence  those  large  nerves  issue  which 
supply  respectively  the  upper  and 
lower  extremities. 

In  what  manner  the  voluntary  sti- 
mulus of  the  will  is  conveyed  to  the 
spinal  nerves,  and  thence  to  the 
muscles,  is  a  problem  which  physiology 
has  not  yet  solved.  We  have  no  con- 
sciousness how  it  is  done.  "We  will 
the  movement,  and  it  takes  place  ;  but 
we  have  no  clioice  in  the  selection  of 
the  instrument. 

To  those  whose  attention  is  for  the 
first  time  directed  to  the  study  of  phy- 
siology, it  may  appear  improbable  that 
movements  adapted  to  a  particular 
end  should  be  performed  indepen- 
dently of  the  will.  But  a  little  con- 
sideration will  shew  that  this  is  the 
case  even  in  man,  though  to  a  much 
less  degree  than  in  the  lower  animals. 
The  uewly-born  infant  begins  to  suck 
as  soon  as  any  substance  is  brought 
in  contact  with  its  lips ;  and  that  the 
combination  of  muscular  movements 
which  produces  sucking  is  purely  au- 
tomatic, and  wholly  independent  of 
the  action  of  the  brain,  is  at  once 
proved  by  the  fact  that  it  takes  place 
equally  in  infants  born  without  this 
portion  of  the  nervous  mass.  In  cases 
of  apoplexy,  too,  when  consciousness 
is  totally  destroyed,  liquids  put  into  the 
mouthare swallowed  by  meansof  a  com- 
bination of  muscular  contractions;  and 
in  sleep  we  see  the  movements  of  re- 
spiration performed  as  uninterruptedly 
as  in  the  waking  state.  In  the  lower 
animals  the  vital  principle  is  less  con- 
centrated in  the  brain  than  it  is  in 

*  See  Cliup,  xii.  on  the  Nervous  System. 
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man  ;  and  in  them,  accordingly,  life 
continues  for  a  longer  jjeriod  after  the 
integrity  of  the  nervous  system  has 
been  destroyed.  A  bird  that  is  suddenly 
decapitated  will  fly  several  yards  be- 
fore life  is  extinct,  and,  ia  the  celebrat- 
ed experiment  of  Flourens,  a  pigeon 
which  was  deprived  of  the  cerebral 
hemispheres  lived  for  some  months, 
"  running  when  it  was  pushed,  flying 
when  it  was  thrown  into  the  air,  drink- 
ing when  its  beak  was  plunged  into 
water,  swallowing  when  food  was  put 
into  its  mouth, — ^butatall  other  times, 
when  left  to  itself,  appearing  like  an 
animal  in  profound  sleep."'*  If  a  rude 
comparison  be  allowable,  we  may  say 
that  the  brain  is  to  the  body  what  the 
engineer  is  to  a  locomotive.  Both  ex- 
ercise a  controlling  power,  and  deter- 
mine the  movements  which  are  to  be 
e.xecuted ;  but  the  body  and  the  loco- 
motive are  alike  capable  of  executing 
combined  movements,  the  one  witliout 
the  brain,  the  other  without  the  en- 
gineer. Or  the  brain  may  be  com- 
pared to  the  rider  of  a  horse,  whose 
volition,  in  general,  guides  the  animal. 
But  the  horse  may  escape  from  the 
control  of  the  rider,  as  the  body  occa- 
sionally escapes  from  the  control  of 
the  brain.  "  I  have  known,"  says  Dr 
Williams,''  the  convulsive  motions  of 
a  paralysed  limb  so  violent  in  a  hemi- 
plegic  patient,  that  it  was  necessary 
every  night  to  fasten  it  down  to  the 
bedstead  to  enable  the  patient  to  get 
sleep.'" t  In  this  case  all  voluntary 
jjower  over  the  limb  was  lost  by  dis- 
ease ;  but  the  muscles  obeyed  the  un- 
controlled stimulus  which  issued  from 
the  spinal  cord.  We  shall  return  to 
the  consideration  of  this  subject  when 
treating  of  the  anatomy  and  physio- 
logy of  the  nervous  system. 

The  spinal  cord  may  be  likened  to 
a  galvanic  battery,  charged  with  nerv- 
ous power,  which  it  sets  free  on  the 
application  of  a  stimulus.  But  to  a 
certain  extent  this  power  is  always 
overflowing,  and  communicates  to  the 
whole  muscular  system  a  certain  degree 

«  Carpenter's  Animal  Physiology,  p.  336. 
London,  1848. 

t  Principles  of  Medicine,  2d  ed.,  p.  03. 
London, 1848. 
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of  permanent  contraction,  (or  tone,  as  it 
is  called),  which  is  veryapparent,  when 
the  soft  and  flabby  condition  of  a  para- 
lysed limb  is  compared  with  the  flrni- 
ness  of  the  muscles  of  a  healthy  limb, 
though  not  in  the  state  of  contcaction. 
It  is,  so  to  speak,  an  exaggerated  de- 
gree of  this  tone,  which  characterizes 
the  firm  and  involuntary  contraction 
of  the  sphincter  muscle  which  closes 
the  outlet  of  the  intestinal  canal,  and 
which  remains  in  permanent  action 
during  life,  unless  paralysed  by  disease 
of  the  spinal  cord.  In  paralysis  of  the 
muscles  of  one  side  of  the  face  we  see 
this  tonic  muscular  contraction  well 
exemplified.  The  muscles  of  the  healthy 
side,  being  no  longer  counteracted  by 
their  paralysed  antagonists,  draAv  by 
tlieir  involuntary  contraction  the  face 
of  the  patient  to  one  side.  The  dis- 
tortion thus  produced  is  generally  un- 
known to  the  sufferer  till  he  sees  it  in 
a  mirror.  It  is  through  the  failure  of 
this  tonic  action,  also,  that  the  body, 
when  debilitated  by  long  sickness,  sinks 
off  the  pillow  and  slips  towards  the  foot 
of  the  bed. 

As  already  observed,  the  muscular 
movements  in  adult  man  areprincipally 
the  result  of  voluntai'y  stimulus  ;  and 
nothing  can  be  more  wonderful  than 
the  accuracy  with  which,  in  the  most 
delicate  movements,  this  stimulus  is 
adjusted  and  apportioned  to  such  a 
variety  of  parts,  especially  where  prac- 
tice, or  in  other  words  eilucation,  has 
rendered  the  combination  of  powers 
easy  and  certain.  Not  to  dwell  upon 
the  many  associated  muscular  actions 
which  are  necessary  for  speech,  or  the 
more  obvious  and  graceful  movements 
of  dancing,  fencing,  and  riding,  we  dis- 
cover, in  the  management  of  the  hand 
and  fingers  by  engravers,  sculptors, 
watchmakers,  jugglers,  and  other  ar- 
tists and  mechanics,  a  minute  accuracy 
of  muscular  adjustment  to  effect  a  given 
end,  which  is  the  more  surprising 
the  more  we  consider  the  complicated 
means  by  which  it  is  attained.  As  an  in- 
stance of  the  nice  and  quick  ailjustment 
of  muscular  action,  Valentin*  mentions 
that  a  violin-player  of  his  acquaintance 

*  Lehrbuch,  vol.  ii.,  p-  205. 
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could,  in  touching  the  strings  of  his 
instrument,  bend  the  middle  finger 
from  48  to  50  times,  and  tlie  ring  finger 
from  40  to  45  times  in  five  seconds, 
producing  the  exact  degree  of  pressure 
necessary  for  bringing  out  the  proper 
musical  tones.  But  in  insects  the  ra- 
pidity of  muscular  contraction  far  ex- 
ceeds this  degree,  and  becomes  in  fact 
almost  inconceivable.  Tims,  it  has  been 
calculated  from  the  sound  produced  by 
the  wings  of  a  common  fly,  that  its 
alar  muscles  at  their  utmost  speed  con- 
tract no  less  than  4000  times  in  a 
second. 

In  consequence  of  the  co-operation 
of  both  nerve  and  muscular  fibre  being 
required  to  effect  motion,  excess  of  ac- 
tion in  each  is  followed  by  results  pe- 
culiar to  itself.  If  the  nerves  pre- 
ponderate, either  constitutionally  or 
from  over-exercise,— as  they  are  apt  to 
do  in  highly  nervous  temperaments, — 
their  excessive  irritability  renders  them 
liable  to  be  unduly  excited  by  ordinary 
stimuli ;  and  hence,  as  in  hysteric  and 
nervous  females,  a  proneness  to  sudden 
starts,  cramps,  and  convulsions,  from 
causes  which  would  scarcely  affect 
an  individual  differently  constituted. 
Such  persons  have  little  muscular 
power,  except  under  excftement ;  they 
then  become  capable  of  great  efforts  of 
short  duration,  but  sink  proportionally 
low  Avhen  the  stimulus  is  past.  If,  on 
the  other  hand,  the  muscles  predomi- 
nate, as  in  athletic  strong-built  men, 
the  nervous  system  is  generally  dull 
and  little  susceptible  of  excitement, 
and  the  muscles  which  it  animates  are 
consequently  little  prone  to  the  rapid 
and  vivacious  action  that  accompanies 
the  jjredominance  of  the  nervous  func- 
tions. Great  strength  and  capability 
of  bodily  labour  are  then  the  charac- 
teristics. 

Great  muscular  power  and  intense 
nervous  action  are  rarely  conjoined  in 
the  same  individual ;  but,  when  they 
do  happen  to  meet,  they  constitute  a 
perfect  genius  for  muscular  exertion, 
and  enable  their  possessor  to  perform 
feats  of  strength  and  agility,  which 
appear  marvellous  to  those  who  are 
deficient  in  either  condition.  The 
most  successful  wrestlers  and  gladia- 


tors among  the  ancients  seem  to  have 
owed  their  superiority  chiefly  to  the 
possession  of  both  endowments  inahigh 
degree  ;  and  among  the  moderns,  the 
most  remarkable  combination  of  the 
two  qualities  is  exhibited  by  some  of 
our  harlequins,  clowns,  rope-dancers, 
and  equestrian  performers,  and  also  by 
those  who  display  their  strength  and 
power  of  equilibrium  in  balancing 
wheels,  ladders,  or  other  heavy  bodies, 
on  the  chin  ;  and  whose  performances 
require,  from  the  small  muscles  of  the 
jaw  and  neck,  a  force  of  contraction 
which,  when  reduced  to  calculation, 
almost  exceeds  belief.  Belzoni  com- 
bined both  conditions  in  a  high  degree. 

From  the  general  resemblance  which 
characterizes  the  structure  of  the  dif- 
ferent nerves,  a  similarity  in  function 
was  long  ascribed  to  them  all,  and  no 
explanation  could  be  given  why  one 
muscle  sometimes  received  filaments 
from  different  nervous  trunks.  Re- 
cently, however,  the  labours  of  Sir 
Charles  Bell,  JSlayo,  Alagendie,  Bellin- 
geri,  and  others,  have  clearly  esta- 
blished that  in  such  cases  each  nerve 
serves  a  distinct  purpose,  in  combin- 
ing the  movements  of  the  particular 
muscles  for  particular  purposes.  The 
muscles  of  the  face  and  lower  jaw,  for 
instance,  receive  branches  from  two 
motor  nerves,  the  object  of  the  one  set 
being  to  produce  the  movements  of 
mastication,  and  that  of  the  other  to 
produce  those  muscular  contractions  on 
which  expression  depends. 

So  uniformly  is  a  sepai-ate  instru- 
ment provided  for  every  additional 
function,  that  there  were  strongcipWori 
reasons  for  concluding  that  the  nerves, 
although  running  as  single  filaments 
in  one  sheath,  are  in  reality  double,  and 
perform  distinct  functions.  Sir  Charles 
Bell  has  the  merit  of  this  discovery. 
In  his  work  on  the  Nervous  System, 
he  shews  that  one  set  of  nervous  fibres 
conveys  the  mandate  from  the  brain  to 
the  muscle,  and  excites  the  conti-ac- 
tion  ;  while  another  conveys  from  the 
muscle  to  the  brain  a  peculiar  sense  of 
the  state  or  degree  of  contraction  of 
the  muscle,  by  which  we  are  enabled 
to  judge  of  the  amount  of  stimulus 
necessary  to  accomplish  the  end  desired. 
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and  which  is  obviously  an  indispen- 
sable piece  of  information  to  the  mind 
in  regulating  the  movements  of  the 
body.  Sir  Charles  has  also  shewn  that 
many  of  the  sensations  supposed  to  be 
derived  from  the  sense  of  touch  and 
the  skin,  arise  from  the  muscular  sense, 
and  are  wholly  imperceptible  to  the 
skin,  without  the  co-operation  of  mus- 
cular contraction. 

"  The  muscles  have  two  nerves,"  says 
Sir  Charles,    "  which   fact   has  not 
hitherto  been  noticed,  because  they  are 
commonly  bound  up  together.  But 
j     whenever  the  nerves,  as  about  the  head, 
go  in  a  separate  course,  we  find  that 
I    there  is  a  sensitive  nerve  and  a  motor 
i    nerve  distributed  to  the  muscular  fibre, 
I    and  we  have  reason  to  conclude,  that 
i    those  branches  of  the  spinal  nerves 
which  go  to  the  muscles,  consist  of  a 
motor  and  a  sensitive  filament. 

"  It  has  been  supposed  hitherto,  that 
the  office  of  a  muscular  nerve  is  only 
to  carry  out  the  mandate  of  the  will, 
1     and  to  excite  the  muscle  to  action,  but 
i     this  betrays  a  very  inaccurate  know- 
ledge of  the  action  of  the  muscular 
system ;  for,  before  the  muscular  system 
i    can  be  controlled  under  the  influence 
i    of  the  will,  there  must  be  a  conscious- 
i    ness  or  knowledge  of  the  condition  of 

the  muscle. 
I        "  When  we  admit  that  the  various 
conditions  of  the  muscle  must  be  esti- 
I    mated  or  perceived,  in  order  to  be  un- 
!    der  the  due  control  of  the  will,  the 
natural  question  arises.  Is  that  nerve 
which  carries  out  the  mandate  of  the 
will  capable  of  conveying,  at  the  same 
moment,  an  impression  retrograde  to 
the  course  of  that  influence  which  is 
going  from  the  brain  to  the  muscle  ? 
I  If  we  had  no  facts  in  anatomy  to  pro- 
'  ceed  u}X)n,  still  reason  would  declare 
to  us  that  the  same  filament  of  a  nerve 
could  not  convey  a  motion,  of  whatever 
nature  that  motion  may  be,  whether 
vibration  or  motion  of  spirits,  in  op- 
posite directions  at  the  same  moment 
of  time. 

"  I  find  that,  to  the  full  operation  of 
the  muscular  power,  two  distinct  fila- 
ments of  nerves  are  necessary,  and  that 
a  circle  is  established  between  the  sen- 
sorium  and  the  muscle  ;  that  one  fila- 


ment or  single  nerve  carries  the  influ- 
ence of  the  will  towards  the  muscle, 
which  nerve  has  no  power  to  convey 
an  impression  backwards  to  the  brain  ; 
and  that  another  nerve  connects  the 
muscle  with  the  brain,  and,  acting  as 
a  sentient  nerve,  conveys  the  impres- 
sion of  the  condition  of  the  muscle  to 
the  mind,  but  has  no  operation  in  a 
direction  outwards  from  the  brain 
towards  the  muscle,  and  does  not  there- 
fore excite  the  muscle,  however  irri- 
tated."* 

This  consciousness  of  the  state  of  the 
muscles — this  muscular  sense,  as  it  may 
be  truly  called — is  of  great  importance 
both  to  man  and  to  the  inferior  animals, 
as  it  is  necessarily  by  information  thence 
derived,  that  every  subsequent  exertion 
is  directed  and  apportioned  in  intensity 
to  the  elfect  required  to  be  produced. 
If  we  had  no  sucli  sense,  the  delicate 
and  well-directed  touches  of  the  en- 
graver, painter,  and  sculptor,  or  of  the 
ingenious  mechanic,  would  be  at  the 
mercy  of  hazard  ;  and  a  single  dispro- 
portioned  movement  might  ruin  tlie 
successful  labour  of  months,  supposing 
success  to  be  in  reality  compatible  with 
chance.  Without  this  sense,  man  could 
not  deliberately  proportion  the  muscu- 
lar efforts  to  his  real  wants  ;  and,  even 
in  walking,  his  gait  would  be  unsteady 
and  insecure,  because  there  would  be 
no  harmony  between  effort  and  resist- 
ance. The  loss  of  equilibrium,  and 
the  concussion  and  disturbance  of  the 
system  consequent  on  taking  a  false 
step,  as  it  is  called,  are  specimens  of 
what  we  should  always  be  subject  to 
without  the  guidance  of  the  muscular 
sense.  When  we  imagine  we  have  one 
step  more  of  a  stair  to  descend  than 
really  exists,  we  are  placed  nearly  in 
the  same  circumstances  as  if  we  had  no 
muscular  sense  to  direct  the  extent 
of  our  intended  movement;  because, 
misled  by  an  erroneous  belief,  we 
make  an  effort  grievously  unsuited  to 
the  occasion.  And  yet  so  habitually 
are  we  protected  from  this  error  by  the 
assistance  of  the  sense  alluded  to,  and 
so  little  are  we  conscious  of  its  opera- 

»  Bell's  Anntom.v,  seventh  edition,  vol.ii., 
p.  372  ;  and  also  his  work  on  the  Nerves. 
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tion,  that  it  is  only  after  mature  re- 
flection that  we  perceive  the  necessity 
of  its  existence. 

In  chewing  our  food,  in  turning  the 
eye  towards  an  object  looked  at,  in 
raising  the  hand  to  the  mouth,  and,  in 
fact,  in  every  variety  of  muscular  move- 
ment which  we  perform,  wo  are  guided 
by  the  muscular  sense  in  proportioning 
the  effort  to  the  resistance  to  be  over- 
come ;  and,  where  this  harmony  is  de-  | 
stroyed  by  disease,  the  extent  of  the 
service  rendered  us  becomes  more  ap- 
parent. The  shake  of  the  arm  and 
hand  wliich  we  see  in  drunkards,  and 
their  consequent  incapability  of  carry- 
ing the  morsel  directly  to  the  mouth, 
are  examples  of  what  would  be  of  daily 
occurrence,  unless  we  were  directed  and 
assisted  by  a  muscular  sense.* 

Life  and  the  nervous  stimulus  are 
essential  to  muscular  power.  Separated 
from  the  body,  and  deprived  of  both, 
the  muscle  whicli  formerly  contracted 
with  a  power  equal  to  100  pounds, 
would  be  torn  asunder  by  a  weight  of 
ten.  This  fact  is  of  itself  sufficient  to 
give  a  pretty  correct  notion  of  the  ex- 
tent to  which  muscular  conti-action  de- 
pends on  other  causes  than  the  mere 
structure  of  the  fleshy  fibres  ;  for  that 
structure  continues  unaltered  for  some 
time  after  death,  and  after  the  nervous 
communication  has  been  suspended — 
and  yet  how  feeble  comparatively  is 
the  power  of  resistance  which  the 
muscle  then  possesses  ! 

The  required  movement  having 
been  once  effected  by  the  nervous  im- 
pulse stimulating  the  muscular  fibre 
to  contraction,  relaxation  speedily 
follows,  and  is  in  its  turn  succeeded 
by  fresh  contraction  proportioned  to 
the  object  in  view.  Muscular  action, 
therefore,  consists  properly  in  alternate 
contraction  and  relaxation  of  the  fleshy 
fibres.  A  state  of  permanent  contrac- 
tion (beyond  the  tonic  contraction  al- 
ready noticed),  is  both  unnatural  and 
impossible ;  and,  accordingly,  the  most 
fatiguing  muscular  employment  to 

Some  ingenious  spccnlatiims  on  this 
subject  by  Jlr  James  Sini]>siiii  and  others 
will  be  found  in  the  PhreiiDlo^ical  Joui'nal, 
vols.  i.\.  X.  xi.  xii. 


which  a  man  can  be  subjected,  is  that 
of  remaining  immoveable  in  any  given 
attitude.  To  an  unreflecting  person 
it  may  seem  a  very  easy  and  pleasant 
occujjation  to  stand  for  half  a  day  in 
the  attitude  of  an  Apollo  or  a  Gladia- 
tor, as  a  model  to  a  statuary  ;  but,  on 
trying  it,  he  will  find,  to  his  astonish- 
ment, that  stone-breaking  and  the 
tread-mill  are  pastimes  in  compari- 
son. In  the  one  case,  the  muscles 
which  preserve  the  attitude  are  kept 
incessantly  on  the  strain ;  while  in 
the  other,  they  enjoy  that  alternation 
of  motion  and  rest  for  which  they 
were  destined  by  Kature.  Wo  may 
easily  put  the  fact  to  the  test,  by  at- 
tempting to  hold  the  arm  extended  at 
a  right  angle  to  the  body  for  the  short 
space  of  ten  minutes.  He  whose 
muscles,  if  indeed  capable  of  the  ex- 
ertion, do  not  feel  sore  with  fatigue 
at  the  end  of  that  time,  may  think 
himself  peculiarly  fortunate  in  possess- 
ing a  powerful  constitution. 

The  principle  just  stated  explains 
very  obviously  the  weariness,  debility, 
and  injury  to  health,  which  invariably 
follow  forced  confinement  to  one  posi- 
tion or  to  one  limited  variety  of  move- 
ment, as  is  often  witnessed  in  the  edu- 
cation of  young  females.  Alternate 
contraction  and  relaxation,  or,  in  other 
words,  exercise,  of  the  muscles  which 
support  the  trunk  of  the  body,  is  the 
only  means  which,  according  to  the 
Creator's  laws,  can  conduce  to  muscu- 
lar development,  and  by  which  bodily 
strength  and  vigour  can  be  secured. 
When  a  muscle  is  exercised,  it  receives 
an  increased  supply  of  blood  and  nerv- 
ous energy,  and  in  consequence,  when 
the  exercise  is  not  continued  too  long,  . 
but  alternates  with  due  periods  of  re- 
pose, it  acquires  increased  size,  mobi- 
lity, and  strength.  But  when  on  the 
contrary  the  exercise  is  excessive,  the 
nervous  energy  is  exhausted  and  the 
nutrition  of  the  muscle  suff'ers.  De- 
ficient exercise  is  followed  by  a  like 
prejudicial  effect;  for  the  muscle,  when 
left  in  repose,  receives  small  supplies 
of  blood  and  nervous  energy,  and  re- 
mains weak  and  undeveloped.  Chossat, 
in  his  remarkable  experiments  on  the 
effects  of  inanition,  made  a  curious 
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observation  which  bears  directly  on 
this  point.  Having  iuscertained  that 
the  entire  muscular  system  loses  •423 
of  its  weight  during  starvation  be- 
fore death  ensues,  he  found  that  the 
pectoral  muscles  (or  those  wliicli  move 
the  wings)  of  the  pigeons  which  were 
the  subjects  of  his  experiments,  lost 
in  proportion  about  one-third  more 
than  the  muscular  system  taken  as  a 
whole.  "  This  remarkable  difference,"' 
says  he,  "  must  be  due  solely  to  tlie 
state  of  inactivity  to  which  the  great 
pectoral  muscles  are"  condemned  fi*om 
the  confinement  of  the  birds  in  their 
cages  ;  and  it  follows  that  the  desti'uc- 
tive  assimilation  of  the  body  which  re- 
sults from  the  privation  of  food,  ensues 
more  readily  in  those  muscles  which 
remain  in  a  state  of  repose,  than  in 
others  in  which  the  ordinary  move- 
ments of  the  animal  keep  up  the 
nutritive  action,  and  thus  resist  the 
causes  of  decay.' *  The  powerful  in- 
fluence of  exercise  on  nutrition  has 
also  been  experimentally  shewn  by 
the  late  Dr  John  Reid.  This  able 
physiologist  divided  in  four  frogs  the 
nerves  which  supply  the  posterior 
extremities,  and  thus  isolated  them 
from  their  connections  with  the  spinal 
cord.  The  limbs  were  of  course  all 
paralysed,  but  the  muscles  of  one  of 
the  paralysed  limbs  of  each  frog  were 
daily  exercised  by  a  weak  current  of 
galvanism  applied  to  the  cut  extremi- 
ties of  the  nerve  supplying  them,  while 
the  muscles  of  the  other  limb  were  al- 
lowed to  remain  quiescent.  The  appli- 
cation of  galvanism  was  continued  for 
two  months,  at  the  end  of  which  time 
the  muscles  of  the  exercised  limb 
were  found  to  retain  their  original 
size  and  to  contract  vigorously,  while 
those  of  the  quiescent  limb  had  shrunk 
at  least  to  one-half  of  their  former 
bulk,  and  presented  a  marked  con- 
trast to  those  which  had  been  galva- 
nised.! The  imperfect  nutrition  which 
is  thus  sliewn  to  result  from  the  want 
of  exei-cise  receives  further  elucidation 

"  Rechcrches  Exporimentales  sin-  I'ln- 
anition,  p.  70.    Paris,  184o. 

+  Physiological,  Anatomical,  and  Patliolo- 
gical  Researches,  p.  11.    Edin.  1848.  | 


from  another  experiment  by  Dr  Reid. 
He  divided  one  of  the  sciatic  nerves* 
of  a  rabbit,  leaving  the  other  intact. 
One  limb  was  thus  paralysed,  the 
other  remained  in  action.  At  the 
end  of  seven  weeks  the  animal  was 
poisoned,  and  the  muscles  and  bones 
of  the  two  limbs  were  removed  and 
carefully  weighed ;  when'  the  muscles 
of  the  sound  limb  were  found  to  weigh 
327  grains  and  those  of  the  paralysed 
limb  170.  The  bones  of  the  sound 
limb  weighed  89  grains,  and  those  of 
the  paralysed  limb  81.  Thus  in  seven 
weeks  the  muscles  of  the  unexercised 
limbs  had  lost  very  nearly  half  their 
weight,  t 

These  examples  of  the  prejudicial  in- 
fluence of  deficiency  of  muscular  ac- 
tion on  nutrition,  will  enable  the  reader 
now  to  trace  its  practical  results  in  the 
school-room.  Instead  of  promoting  ex- 
ercise, the  prevailing  system  of  female 
education  places  the  muscles,  and  par- 
ticularly those  of  the  trunk,  under  the 
most  unfavourable  circumstances,  and 
renders  their  exercise  nearly  impos- 
sible. Ijeft  to  its  own  weight  the  body 
would  fall  to  the  ground,  in  obedience 
to  the  law  of  gravitation ;  in  sitting  and 
standing,  therefore,  as  well  as  in  walk- 
ing, the  position  is  preserved  only  by 
active  muscular  exertion,  liut  if  we 
confine  ourselves  to  one  attitude,  such 
as  that  of  sitting  erect  upon  a  chair — 
or,  what  is  still  worse,  on  benches  with- 
out backs,  as  is  the  conouon  practice  in 
schools, — it  is  obvious  that  we  place 
the  muscles  which  suppoi't  the  spine 
and  trunk,  in  the  very  disadvantageous 
position  of  permanent  instead  of  inter- 
mittent contraction ;  which  permanent 
contraction  we  have  seen  to  be  in 
reality  more  fatiguing  and  debilitat- 
ing to  them  than  severe  labour.  This 
constant  state  of  exertion,  moreover, 
is  unaccompanied  by  any  increase  of 
the  circulation  ;  so  that  the  muscles  in 
question  receive  no  additional  nutri- 
tive supplies  to  support  them  under 
the  continued  sti-ain.     No  wonder 

'  Tlie  sciatic  nerve  is  that  which  princi- 
pally supplies  the  posterior  or  infcriyr  ex- 
tremity. 
I      t  Op.  cit.,  p.  10. 
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then  that  girls  thus  restrained  daily 
for  many  successive  hours  invariably 
suffer — deprived  as  they  are  of  the 
sports  and  exercise  after  school-hours 
which  strengthen  the  muscles  of  boys, 
and  enable  them  to  withstand  the  op- 
pression.    The  muscles  being  thus 
enfeebled,  the  girls  either  lean  over 
insensibly  to  one  side,  and  thus  con- 
tract curvature  of  the  spine ;  or,  their 
weakness  being  perceived,  they  are 
forthwith  cased  in  stiffer  and  stronger 
stays— that  support  being  sought  for 
in  steel  and  whalebone,  which  Nature 
intended  they  should  obtain  from  the 
bones  and  muscles  of  their  own  bodies. 
The  patient,  finding  the  maintenance 
of  an  erect  carriage  (the  grand  object 
for  which  all  the  suffering  is  inflicted) 
thus  rendered  more  easy,  at  first  wel- 
comes the  stays,  and,  like  her  teacher, 
fancies  them  highly  useful.  Speedily, 
how^ever,  their  effects  shew  them  to  be 
the  reverse  of  beneficial.    The  same 
want  of  varied  motion,  which  was  the 
prime  cause  of  the  muscular  weakness, 
is  still  farther  aggravated  by  the  tiglit 
pressure  of  the  stays  interrupting  the 
play  of  the  muscles,  and  rendering 
tliem  in  a  few  months  more  power- 
less than  ever.    In  spite,  however,  of 
weariness  and  injury,  the  same  system 
is  persevered  in ;   and,  during  the 
short  time  allotted  to  that  nominal 
exercise,  the  formal  walk,  the  body  is 
left  almost  as  motionless  as  before, 
and  only  the  legs   are  called  into 
activity.    The  natural  consequences 
of  this  treatment  are,  debilit}'  of  the 
body,  curvature  of  the  spine,  impaired 
digestion,  and,  from  the  diminished 
tone  of  all  tlie  animal  and  vital  func- 
tions, general  ill  health  ; — and  yet, 
while  we  thus  set  Nature  and  her 
laws  at  defiance,  we  presume  to  ex- 
press surprise  at  the  prevalence  of 
female  deformity  and  disease  1 

It  would  be  easy,  were  it  needful, 
to  prove  that  the  picture  here  drawn 
is  not  overcharged.  A  single  in- 
stance, from  a  note  appended  by  Dr 
Forbes  to  an  excellent  treatise  on 
"  Physical  Education,"  by  the  late  Dr 
Barlow  of  Bath,  will  suffice.  After 
copying  the  programme  of  a  board- 
ing-school for  young  ladies,  which 


exhibits  only  one  hour's  exercise  (con- 
sisting of  a  walk,  arm  in  arm,  on  the 
high  road,  and  that  only  when  the  i 
weather  is  fine  at  the  particular  hour 
allotted  to  it),  in  contrast  with  nine 
hours  at  school  or  tasks,  and  three  and 
a  half  at  optional  studies  or  work, — 
Dr  Forbes  adds  :— "  That  the  practi- 
cal results  of  such  an  astounding  re- 
gimen are  by  no  means  overdrawn  in 
the  preceding  pages,  is  sufficiently 
evinced  by  the  following  fact — a  fact 
which,  we  will  venture  to  say,  may  be 
verified  by  inspection  of  thousands  of 
boarding-schools  in  this  country.  We 
lately  visited  ia  a  large  town  a  board- 
ing-school containing  forty  girls  ;  and  1 
we  learnt,  on  close  and  accurate  in-  ' 
quiry,  that  there  was  not  one  of  the 
girls  who  had  been  at  the  school  two 
years  (and  the  majority  had  been  as  | 
long),    that   was    not   more    or    less  i 
crooked!  Our  jmtient  was  in  this  {j 
predicament ;  and  we  could  perceive 
(what  all  may  perceive  ^vho  meet  that 
most  melancholy  of  all  processions, — 
a  boarding-school  of  young  ladies  in 
their  walk)  that  all  her  companions 
were  pallid,  sallow,  and  listless.  We 
can  assert,  on  the  same  authority  of 
personal  observation,  and  on  an  exten- 
sive scale,  that  scarcely  a  single  girl 
(more  especially  of  the  middle  classes) 
that  has  been  at  a  boarding-school  for 
two  or  three  years  returns  home  with 
unimpaired  health  ;  and  for  the  truth 
of  the  assertion,  we  may  appeal  to 
every  candid  father  whose  daughters 
have  been  placed  in  this  situation."* 
The  contractile  power  of  a  muscle 
is  diminished  whenever  nutrition  suf- 
fers, and  it  would  therefore  be  con- 
trary to  all  physiological  laws  to  ex- 
pect that  the  muscles  of  those  pallid, 
sallow,  and  listless  girls  should  be 
efficient  for  powerfid  or  prolonged  ef- 
fort.   Want  of  exercise,  by  impairing 
the  general  nutrition  of  their  bodies, 
has  not  only  diminished  the  bulk  of 
their  muscles,  but  likewise  deterior- 
ated the  quality  of  the  blood ;  so  that 
even  the  diminished  volume  of  their 
muscles  is  imperfectly  nourished,  while 

Cyclopedia  of  Practical  Medicine,  arti- 
cle Pliysical  Education,  vol.  i.,  p.  (los. 
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the  nervoup  stimulus  is  defective  or  ab- 
normal. Hence  proceed  many  of  those 
hysterical  symptoms  which  are  so  fre- 
quently seen  in  young  women. 

Dr  Barlow  justly  remarks,  that  the 
superintendents  of  boarding-schools 
cannot  generally  bo  blamed  for  indiffer- 
ence about  the  welfare  of  their  pupiL; ; 
that  most  of  them  are  anxious  to  do 
their  utmost  to  improve  those  under 
their  charge ;  and  that  it  is  ignorance 
alone  which  misleads  them  as  to  the 
proper  means.  He  might  Iiave  advert- 
ed also  to  the  ignorance  of  parents,  who 
insist  on  so  many  liours  a-day  being 
dedicated  to  tlie  acquisition  of  accom- 
plishments for  which  their  cliildrcn 
have  neither  taste,  capacity,  nor  use. 
From  similar  ignorance,  the  young 
girls  in  a  public  hospital  in  Scotland 
used  to  be  shttt  up  in  the  hall  and 
school-roora  during  play-hours  from 
November  till  ilnrch,  and  no  romping 
or  no  lie — in  other  words,  no  real  play, 
relaxation,  or  exercise — allowed  and 
in  1830-31,  for  fear  of  typhus  fever, 
they  were  seldom  if  ever  out  of  doors, 
except  at  church  from  jS'ovember  to 
April — than  which  a  more  efficient 
system  of  infringing  the  laws  of  health 
could  scarcely  have  been  devised. 
Here,  too,  the  object  was  unquestion- 
ably benevolent ;  but  the  method  was 
radically  bad,  and,  in  consequence,  a 
great  deal  of  sickness  prevailed. 

The  i-eality  of  the  mischief  done  in 
this  way  was  forcibly  pointed  out  by 
the  late  Mr  Carmichael  of  Dublin,  in 
his  excellent  "  Essay  on  the  Nature  of 
Scrofula,"  published  so  long  ago  as 
1810,  and  which  contains  many  valu- 
able practical  truths,  which  were  then 
little  known  and  coolly  received,  but 
to  which  gi-eat  importance  is  now  ge- 
nerally attached.  In  noticing  the  want 
of  exercise  as  a  cause  of  scrofula,  Mr 
Oarmicliael    mentions,    that    in  St 
Thomas's  Parochial  School  in  Dublin 
seven  out  of  twenty-four  girls  were 
affected  with  that  disease  during  the 
preceding  summer,  owing   to  their 
exercise  having  been  entirely  inter- 
rupted, first,  by  the  flooding  of  the 
jjlay-ground  by  heavy  rains,  and  sub- 
sequently by  the  mistress  having  re- 
ceived orders  "  to  keep  the  children 
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perpetually  within  doors  at  their  school- 
books."  In  a  very  short  time  after 
'•  this  cruel  and  impolitic  injunction" 
was  acted  upon,  sci-ofula  began  to  make 
its  appearance,  and  afterwards  affected 
nearly  a  third  of  their  number;  al- 
though none  of  them  had  tlio  disease 
when  admitted,  and  there  was  no  fault 
of  diet  or  other  cause  to  which  it  could 
be  ascribed.  Mr  Carmichael  adds 
that,  in  the  Bethesda  School  of  the 
same  city,  six  out  of  thirty  girls,  fed  in 
the  best  possible  manner,  and  free  fi'om 
the  disease  on  their  admission,  were 
badly  affected  with  it  during  the  same 
summer.  In  these  cases  it  evidently 
arose  from  their  having  neither  yard 
nor  play-ground  attaclied  to  the  insti- 
tution, in  consequence  of  which  "  the 
children  were  necessitated  to  remain 
either  in  the  school  or  bed-rooms  dur- 
ing play -hours."  On  ascertaining  this 
fact,  Air  Carmichael  remonstrated 
with  tlie  governors,  and  the  evil  no 
longer  exists;  but  the  circumstance 
itself  affords  an  instructive  example 
of  the  extent  of  misery  which  may 
arise,  not  from  the  institutions  of 
Nature,  as  we  are  so  apt  to  affirm,  but 
from  sheer  ignorance  on  our  own  part 
of  wliat  those  institutions  are. 

Mr  Carmichael  adduces  other  facts 
of  a  striking  nature,  for  which  I  must 
refer  to  his  work  itself,  to  shew  the 
needless  suffering  which  is  still  inflict- 
ed on  thousands  by  the  sedentary  and 
unvaried  occupations  which  follow 
each  othet  for  hours  in  succession  in 
many  of  our  schools  ;  and  I  agree  with 
him  that  it  is  high  time  that  a  sound 
physiology  should  step  in  to  root  out 
all  such  erroneous  and  hurtfulpractices. 
Taken  in  connection  with  tlie  long  con- 
finement, the  custom  of  causing  the 
young  to  sit  on  benches  without  any 
support  to  the  back,  and  without  any 
variety  of  motion,  cannot  be  too  soon 
exploded.  If  the  muscles  of  the  spine 
were  strengthened  by  the  exercise 
which  they  require,  but  which  is  so 
generally  denied, — and  if  the  school 
employments  were  varied  or  inter- 
rupted at  reasonable  intervals,  to  ad- 
mit of  change  of  position  and  of  motion 
— nothing  could  be  better  adapted  for 
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giving  an  easy  and  erect  carriage  than 
seats  without  baclis,  because  the  play 
of  the  muscles  necessary  for  preserving 
the  erect  position  would  give  them 
activity  and  vigour  ;  —  and,  accord- 
ingly, the  want  is  scarcely,  if  at  all, 
felt  in  well-managed  infant-schools,  for 
the  very  reason  that  such  variety  of 
motion  is  there  carefully  provided  for. 
But  it  is  a  gross  misconception  to  sup- 
pose that  the  same  good  result  will 
follow  the  absence  of  support,  when 
the  muscles  are  weakened  by  constant 
straining  and  want  of  play.  The  in- 
cessant fidgetty  restlessness  observable 
after  the  second  or  third  hour  of  com- 
mon school  confinement,  shews  the 
earnest  call  of  Nature  for  a  little 
wholesome  exercise :  and  the  quiet 
that  ensues  when  it  is  granted,  indi- 
cates clearly  enough  that  the  restless- 
ness springs  even  more  from  bodily 
than  from  mental  weariness.  It  is,  in 
fact,  a  degree  of  what  we  all  feel  when 
kept  long  standing  in  one  place,  or 
sitting  at  a  desk.  We  become  weary 
and  uneasy  from  the  continued  strain 
on  the  same  muscles,  and  feel  at  once 
relieved  by  a  walk,  a  drive,  or  any 
change  whatever.  The  same  principle 
explains  the  fatigue  so  often  com- 
plained of  as  experienced  in  "  shop- 
ping," or  in  an  exhibition-room.  We 
saunter  about  till  the  muscles  become 
sore  from  the  fatigue  of  being  always 
in  the  same  attitude,  and  we  are  re- 
freshed by  a  walk  or  a  dance,  or  any- 
thing which  alters  the  position.  The 
same  langour  of  the  muscles  is  felt 
after  witnessing  a  pantomime  or  other 
continuous  sjjectacle,  by  whicli  we  are 
induced  to  keep  the  neck  for  a  long 
time  in  a  constrained  and  unvai-ied 
position.  Children  with  thin  bodies, 
weak  muscles,  and  large  lieads,  some- 
times suffer  much  by  being  taken  to 
church,  and,  in  order  that  due  respect 
may  be  shewn  to  the  sanctity  of  the 
place,  forbidden  by  their  parents  to 
lean  their  lieads  on  the  board,  or  on  the 
arm  of  the  person  sitting  next  them,  so 
as  to  support  themselves  more  easily. 

Man  being  intended  for  a  life  of 
activity,  all  his  functions  are  consti- 
tuted by  Nature  to  fit  him  for  this 
object,  and  they  never  go  on  so  success- 


fully as  when  his  external  situation  is  ■ 
such  as  to  demand  the  regular  exer- 
cise of  all  his  organs.  It  is,  accord- 
ingly, curious  to  observe  the  admir- 
able manner  in  which  each  organ  is 
linked  in  its  action  and  sympathies 
with  tlie  rest.  When  the  muscular 
system,  for  example,  is  duly  exercised, 
increased  action  in  its  vessels  and 
nerves  takes  place  ;  but  the  effect  is 
not  by  any  means  limited  to  the  mere 
organs  of  motion.  The  principal 
blood-vessels  in  all  parts  of  the  body 
lie  imbedded  among  muscles,  both  for 
the  protection  and  for  the  aid  which 
the  latter  afford  them.  Every  con- 
traction of  the  muscles  compresses 
and  lessens  the  diameter  of  the  ves- 
sels ;  and  as  the  blood  contained  in 
them  cannot  retrograde  in  its  course, 
it  is  propelled  in  the  arteries  from  the 
heart  towards  the  extreme  parts,  and 
in  the  veins  from  the  extremities  to- 
wards the  heart,  with  greater  force  and 
velocity  than  before.  This  will  be 
better  understood 
on  examining  the 
annexed  engrav- 
ing of  the  blood- 
vessels of  the 
arm,  copied  from 
Fyfe's  Anatomy. 
The  letters  A,  B, 
C,  D,  E,  repre- 
sent the  principal 
muscles  of  the 
arm,  and  F,  G, 
II,  I,  K,  L,  M,  N, 
those  of  the  fore- 
arm ;  though,  as 
the  preparation  is 
dried,  and  the 
muscles  are  con- 
sequently much 
shrunk,  they  do 
not  appear  in 
their  natural  si- 
tuations. The 
letters  in  italics 
point  out  the 
humeral  artery, 
which  is  seen  di- 
viding at  the 
elbow  into  two 
branches.  Tlie 
one    called  the 
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radial  artery  passes  on  the  outer  side 
of  the  forearm  towai'ds  the  thumb, 
and  is  the  brancli  in  which  the  pulse 
is  generally  felt ;  the  other,  called  the 
ulnar,  passes  along  the  inner  side  of 
the  forearm. 

In  the  natural  state,  these  blood- 
vessels ai"e  covered  and  protected  in 
almost  their  whole  course  by  the  adja- 
cent muscles.    In  consequence  of  this 
position,  the  muscles  cannot  contract 
without  at  the  same  time  compressing 
the  blood-vessels,  and  propelling  their 
contents ;  for,  as  mentioned  on  page 
83,  the  muscles  swell  out  laterally 
at  every  contraction.    The  assistance 
afforded  to  the  circulation  of  the  blood 
by  this  arrangement  is  familiarly  exem- 
plified in  the  operation  of  blood-letting 
from  the  arm.    When  the  blood  stops 
or  flows  slowly,  it  is  customary  to  put 
a  ball  or  other  hard  body  into  the 
hand  of  the  patient,  and  desire  him 
to  squeeze  and  turn  it  round.  The 
utility  of  this  depends  on  the  muscles 
of  the  arm  compressing  the  interjacent 
blood-vessels  and  forcing  onwards  the 
current  of  the  contained  blood  by 
their  successive  contractions,  but  partly 
also  on  the  pressure  exercised  on  the 
deep-lying  veins,  tui'ning  the  current 
into  thesubcutaneousvessels.  Muscular 
action  is,  indeed,  one  of  the  powers 
provided  for  effecting  a  regular  cir- 
culation ;  and  hence,  when  its  assist- 
ance is  neglected,  as  it  is  by  those 
who  take  no  active  exercise,  the  blood 
begins  to  flow  less  freely,  till  at  last 
it  finds  some  diflSculty  in  returning 
against  the  law  of  gravitation  from 
the   lower  extremities,  which  then 
gi-adually  swell.     Persons  engaged 
for   years  in  sedentary  professions, 
are  thus  very  subject  to  varicose  (or 
dilated)  veins,  and  swelled  feet. 

The  chain  of  connection  among  all 
the  living  functions  is  nowhere  more 
visible  than  in  this  relation  between 
muscular  exercise  and  the  circulation 
of  the  blood.  Action  requires  the 
presence  of  arterial  blood,  and,  in  the 
case  of  the  muscles,  the  very  circum- 
stance of  their  being  active  favours 
the  circulation  and  increases  the  sup- 
ply. This  increase,  in  its  turn,  enables 
the  parts  to  which  it  is  sent  to  act 


with  greater  enei-gy  and  effect,  and 
the  augmented  action  is  attended  by 
corresponding  waste  and  exhalation, 
and  proportionate  nutrition  of  the 
parts.  No  vital  action,  it  has  already 
been  explained,  can  take  place  without 
being  accompanied  by  certain  chemical 
changes  in  the  solids  and  fluids  of  the 
body;  these  changes,  as  they  tend  to  use 
up  the  substance  of  the  body,  are  com- 
prehended under  the  term  waste,  and 
their  whole  products  are  contained  in 
the  various  excretions  of  the  body. 
Now,  muscular  fibre  is  composed  of 
about 

53  parts  of  carbon, 

7      ...  hydrogen, 
16      ...     nitrogen,  and 
24      ...  oxygen, 
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along  with  small  quantities  of  sulphur 
and  phosphorus  ;  and  as  the  kidneys 
are  the  chief  emunctuories  of  the  ni- 
trogen, the  quantity  occurring  in  the 
urine  affords  a  test  of  the  amount  of 
muscular  waste  going  on  in  the  body. 
In  this  fluid  it  occurs  principally  as 
urea,  which  is  composed  of 

carbon,  20,000 

hydrogen,  6,666 

nitrogen,  46,667 

oxygen,  26,667 

100,000 

One  part  of  urea,  therefore,  contains 
about  three  times  as  much  nitrogen  as 
is  contained  in  dry  muscular  fibre ; 
and,  seeing  that  flesh  contains  three- 
fourths  of  its  weight  of  water,  any 
given  weight  of  urea  must  represent 
twelve  times  that  weight  of  muscular 
fibre  as  it  exists  in  the  body.  Now 
Lehmann  found  that,  under  otherwise 
similar  circumstances,  the  amount  of 
urea  in  his  urine  increased  with  in- 
crease of  muscular  exercise,  from  32 
grammes  to 36"7  grammes  in  24  hours;* 
equivalent  to  about  72  grains,  and 
representing  an  extra  waste  of  I  J  oz. 
of  muscular  fibre.  But  we  know  that 
nitrogen  is  given  ofiF  by  the  kidneys  in 
other  forms  than  as  urea,  and  also  in 

*  Lehrbuch  der  Physiologischen  Chemie, 
TOl.  i„  p.  169.    Leipzig,  1850. 
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very  appreciable  quantities  by  the 
lungs  and  skin  ;  hence,  the  increase  of 
urea  can  be  regarded  only  as  indicating 
an  increase  of  waste,  without  in  any 
degree  fixing  its  positive  amount. 

To  replenish  the  blood  exhausted  of 
its  nutritive  principle  by  exercise,  a 
gi-eater  quantity  of  food  is  required  ; 
and,  to  prompt  us  to  attend  to  this 
condition,  the  appetite  becomes  keener 
and  more  imperative,  and  the  power 
of  digestion  proportionally  vigorous. 
The  food  taken  is  more  speedily  di- 
gested, and  its  absorption  from  the 
surface  of  the  intestines  and  trans- 
mission into  the  circulating  current 
are  more  rapid.  That  the  blood  so 
improved  may  be  properly  and  quickly 
animalised  in  the  laboratory  of  the 
lungs,  respiration  becomes  deeper  and 
more  frequent,  thus  admitting  a  larger 
quantity  of  air  and  freer  circulation 
through  them  than  before ;  and  the 
blood,  in  this  way  renewed  and  re- 
endowed  with  the  pabulum  of  life, 
imparts  fresh  nutriment  and  vigour  to 
all  the  organs  of  the  body,  and  fits 
them  for  that  active  exertion  which 
the  proper  discharge  of  his  duties  im- 
peratively requires  from  every  mem- 
ber of  the  human  race. 

Considered  in  this  point  of  view,  the 
hurried  breathing  and  quickened  cir- 
culation, of  which  we  are  so  apt  to 
complain  when  engaged  in  muscular 
exercise,  instead  of  being  evils,  are,  in 
fact,  the  beneficent  means  by  which 
we  become  fitted  to  continue  the  exer- 
tion. Without  a  more  than  usually 
rapid  flow  of  blood  to  the  part  in  use, 
the  necessary  stimulus  to  its  vessels 
and  nerves  could  not  take  place,  and 
its  action  could  not  be  sustained.  And 
were  not  respiration  accelerated,  so  as 
to  oxygenate  the  venous  blood  more 
quickly  as  it  arrived  at  the  lungs,  it 
is  obvious  tha*  the  requisite  stimulus 
must  again  have  failed ;  as,  in  that 
case,  the  blood  must  either  have  accu- 
mulated in  the  lungs  and  caused  death, 
or  have  passed  through  them  imper- 
fectly prepared,  and  extinguished  life 
more  slowly,  but  not  less  certainly. 
In  the  crab  and  other  Crustacea  we 
find  this  relation  between  respiration 
and  muscular  movement  even  more 


direct.   In  them  the  respiratory  cavity 
is  incapable  of  either  expansion  or  con- 
traction, but  consists  of  a  hollow  space, 
with  an  anterior  and  posterior  aper- 
ture, through  which  the  water  passes 
for  the  purpose  of  oxygenating  the 
blood  in  the  gills.    The  water  enters 
by  the  posterior  aperture,  driven  in 
by  lamelliform  a])pendages  attached 
to  the  ambulatory  or  natatory  legs, 
and  issues  by  the  anterior  aperture. 
The  quantity  of  water  which  passes  is 
thus  dependent  on  the  activity  of  the 
movements  of  these  limbs.  Accord- 
ingly, the  more  active  tlie  progress  of 
the  crustacean,  the  more  briskly  will 
its  resi)iration  pi'ocoed,  from  tlie  mus- 
cular and  respiratory  functions  being 
brought  into  direct  relation  by  this 
simple  connection  of  their  respective 
instruments.*     Along  with  the  in- 
creased consumption  of  material  which 
attends  muscular  exercise,  an  increas- 
ed development  of  heat,  as  already 
observed,  always  takes  place.  This 
point  has  received  direct  elucidation  i 
from  the  experiments  of  Breschet  and  ! 
Becquerel,  who  shewed  that  sawing 
wood  for  five  minutes  raised  the  tem- 
perature of  the  biceps  muscle  of  the  arm 
r8°  F.  l)r  John  Davy,  too,  has  dii'ectly  • 
proved  that  exercise  increases  the  tem-  ■ 
perature  of  the  wliole  body — a  iact  in-  • 
dicated  by  the  increased  temperature 
of  the  urine  voided  after  a  smart  walk. 
Moreover,  we  obtain  evidence  that : 
these  results  are  really  dependent  on  i 
chemical  metamorphoses,  in  the  cir- 
cumstance pointed  out  by  M.  Du  Bois 
Keymond,  that  the  galvanometer  re- 
sponds to  the  changes  which  accom- 
pany voluntary  contraction  of  the 
muscles. t 

It  is  from  the  efi'ect  of  muscular 
compression,  noticed  above,  in  promot- 
ing the  flow  of  blood  through  the  ar- 
teries and  veins,  that  skampooing, 
which  consists  in  a  kind  of  kneading 
of  the  flesh,  is  so  successfully  resorted 
to  in  the  warm  climates  of  the  East, 
and  among  the  richer  class  of  invalids 

«  Owen's  Lectures  on  the  Invertebrate 
Animals,  p.  182. 

t  Annales  de  Chimie  et  dc  Physique,  3d 
series,  vol.  xxx.,  p.  127. 
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in  our  own  country,  as  a  partial  sub- 
stitute for  active  exercise.  Shampoo- 
ing furnishes  from  without  that  im- 
pulse to  the  circulation  which  the 
Creator  has  destined  it  to  receive  from 
active  muscular  exertion  ;  and  the 
principle  of  its  action  being  the  same, 
we  cannot  wonder  that  it  should  prove 
indisputably  useful  in  promoting  cir- 
culation, strength,  and  nutrition,  in 
cases  where  active  exercise  cannot  be 
enjoyed.  Hence  also  its  utility  in  dis- 
persing indolent  swellings,  in  restor- 
ing tone  to  weakened  joints,  and  in 
cure  of  rheumatism. 

It  is  a  common  observation,  that 
sedentary  persona  are  liabitually  sub- 
ject to  costiveness  and  its  attendant 
evils.  The  reason  is  the  same.  In  the 
natural  state,  the  contents  of  the  bowels 
are  propelled  partly  by  the  successive 
contractions  of  the  muscles  which  form 
the  walls  of  the  belly  and  separate 
that  cavity  from  the  chest,  and  partly 
by  the  contraction  of  the  muscular 
fibres  which  constitute  an  important 
part  of  the  structure  of  the  intestines 
themselves.  If,  however,  exercise  be 
refrained  from,  and  the  same  position 
be  preserved  for  many  hours  a-day,  as 
in  sitting  at  a  desk,  the  contents  of 
the  bowels  are  necessarily  deprived  of 
one  important  propelling  power,  and 
do  not  move  onwards  with  the  same 
regularity  as  when  exercise  is  taken. 
The  slowness  of  intestinal  action  which 
ensues  can  be  overcome  by  no  course 
of  medicine,  and  scarcely  any  modifi- 
cation of  diet,  so  long  as  sedentary 
habits  are  indulged  in  ;  though  it  may 
often  be  relieved  by  daily  pressing 
over  the  region  of  the  abdomen  with  a 
kind  of  kneading  motion,  imitating, 
though  feebly,  the  effects  of  muscular 
action.  Females  suffer  much  from 
costiveness  produced  by  sedentary 
habits.* 

The  evils  arising  from  deficiency  of 
exercise  to  all  the  functions  of  the 
mind  and  body  will  now  be  equally 
evident  and  intelligible,  for  they  are 
the  reverse  of  what  we  have  seen  to 

*  See  the  author's  treatise  on  Digestion 
and  Diet,  chapter  xv.,  "  On  the  proper  re- 
gulation of  the  bowels." 


be  the  advantages  of  adequate  exer- 
cise. The  circulation,  for  want  of 
stimulus,  becomes  languid,  especially 
in  the  extreme  vessels  ;  the  feebleness 
of  action  oc-asions  little  waste  of  ma- 
terials, and  little  demand  for  a  new 
supply  ;  the  appetite  and  digestion 
consequently  become  weak ;  respira- 
tion heavy  and  imperfect;  and  the 
blood  so  ill-conditioned  that,  when  dis- 
tributed through  the  body,  it  proves 
inadequate  to  supply  the  stimulus  re- 
quisite for  healthy  and  vigorous  action. 
The  concatenation  of  causes  and  con- 
sequences thus  exhibited,  cannot  fail, 
when  the  principle  connecting  them  is 
perceived,  to  interest  and  instruct  every 
thinking  mind. 


CHAPTER  VIL 


RULES  FOE.  MUSCULAR  EXKRCISE. 

The  laws  and  conditions  of  healthy 
muscular  action  having  now  been 
suiflcicntly  explained,  I  shall  next  en- 
deavour to  shew  how  usefully  our 
knowledge  of  them  may  be  applied  to 
the  proper  regulation  of  exercise  in 
the  ordinary  conduct  of  life. 

In  attempting  to  lay  down  rules  for 
exercise,  our  aim  should  always  be  to 
recommend  what  is  in  accordance  with 
the  physiological  constitution  of  the 
muscular  system.  With  this  jirinciplc 
to  guide  us,  and  keeping  in  view  the 
conditions  of  muscular  action  as  ex- 
plained in  the  preceding  chapter,  we 
can  have  no  difficulty  in  perceiving, 
that,  to  derive  proper  advantage  from 
exercise,  it  is  necessary,  \st,  that  it 
should  spring  from,  and  be  continued 
under,  the  influence  of  an  active  nerv- 
ous or  mental  stimulus  ;  2dly,  tliat  it 
should  always  involve  as  mucli  variety 
of  movement  as  possible  ;  3dly,  that  it 
should  be  proportioned  to  the  age, 
strength,  and  constitution;  4t/i^?/, that 
it  should  bo  taken  at  the  most  favour- 
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able  times  of  the  day ;  and,  lastly, 
that  it  should  be  of  a  kind  calculated 
to  ensure  all  the  good  effects  which 
well-conducted  exercise  is  capable  of 
affording. 

That  exercise  should  always  spring 
from,  and  be  continued  tinder,  the  in- 
fluence of  an  active  and  harmonious 
nervous  and  mental  stimulus,  will 
scarcely  require  any  additional  evi- 
dence ;  but  as  the  principle  is  not 
sufficiently  appreciated  or  acted  upon, 
a  few  remarks  seem  still  to  be  called 
for  to  enforce  its  observance.  The 
simple  fact  that  the  muscles  are  ex- 
pressly constructed  for  the  purpose  of 
fulfilling  the  commands  of  the  nervous 
system,  might  of  itself  lead  to  the  in- 
ference that  a  healthy  mental  stimulus 
ought  to  be  considered  an  essential 
condition  or  accompaniment  of  exer- 
cise ;  and  might  render  us  prompt  to 
observe  how  easy  and  pleasant  mus- 
cular action  becomes  under  the  influ- 
ence of  mental  excitement,  how  useful 
a  vigorous  nervous  impulse  is  in  sus- 
taining and  directing  it,  and  how  diffi- 
cult, wearisome,  and  inefficient  it  be- 
comes, when  the  mind  which  directs  it 
is  languid  or  absorbed  by  other  em- 
ployments. Hence  the  superiority,  as 
exercises  for  the  young,  of  social  and 
inspiriting  games  which,  by  their  joy- 
ous and  boisterous  mirth,  call  forth 
the  requisite  nervous  stimulus  to  put 
the  muscles  into  vigorous  and  varied 
action ;  and  hence  the  utter  inefficiency 
of  the  dull  and  monotonous  daily  walk 
which  sets  all  physiological  conditions 
at  defiance,  and  which,  in  so  many 
schools,  is  made  to  supersede  the  ex- 
ercise which  it  only  counterfeits.  Even 
the  playful  gamboling  and  varied 
movements  which  are  so  characteristic 
of  the  young  of  all  animals,  man  not 
excepted,  and  which  are  at  once  so 
pleasing  and  attractive,  might  have 
taught  us  that  activity  of  feeling 
and  affection,  and  sprightlineas  of 
mind,  are  intended  by  Nature  to 
be  the  sources  and  accompaniments 
of  healthful  and  invigorating  muscu- 
lar exercise  ;  and  that  the  system  of 
bodily  confinement  and  mental  culti- 
vation now  so  much  in  vogue,  is  cal- 


culated to  inflict  lasting  injury  on  all 
who  are  subjected  to  its  restraints. 
The  buoyancy  of  spirit  and  compara- 
tive independence  enjoyed  by  boys 
when  out  of  school  prevent  them  from 
suffering  under  it  so  much  as  girls  do ; 
but  the  mischief  done  to  both  is  the 
more  unjiardonable  when  it  does  occur, 
because  it  might  so  easily  have  been 
entirely  avoided.  Even  in  some  in- 
fant schools,  where  properly  conduct- 
ed exercise  ought  to  be  considered  as 
a  necessary  of  life,  the  principle  on 
which  I  am  insisting  is  so  little  un- 
derstood or  valued,  that  no  Jjlay- 
grounds  have  been  provided,  and  the 
very  best  means  of  moral  as  well  as 
physical  training — play  with  compa- 
nions— has,  to  the  great  injury  of  the 
poor  children,  been  wholly  omitted. 
Under  judicious  direction,  the  play- 
ground aflfords  the  most  valuable  and 
effective  aid  to  the  parent  and  teacher, 
not  only  in  eliciting  the  highest  degree 
of  physical  health,  but  in  developing  the 
general  character  by  the  practical  in- 
culcation of  moral  principle,  kindness, 
and  affection,  in  the  daily  and  hourly 
conduct  of  the  children  committed  to 
their  charge.  The  following  table  by 
Friedlander,*  is  worthy  of  attention, 
and  may  serve  as  a  general  guide  for 
the  distribution  of  the  time  of  children 
over  their  various  occupations,  though 
we  are  far  from  offering  it  as  a  stand- 
ard for  universal  application.  It 
shows  that  he  attaches  even  more 
weight  to  the  due  cultivation  of  the 
muscular  system  in  childhood  and  early 
youth,  than  to  that  of  the  nervous  sys- 
tem ;  and  his  views  are  founded  on  a 
sound  physiology,  for  each  system  in 
the  body  should  be  cultivated  in  accord- 
ance with  its  development.  In  man  the 
brain  is  of  slow  and  gradual  growth, 
and  a  too  early  taxing  of  its  powers,  in- 
stead of  giving  it  energy  and  strength, 
prevents  its  ultimate  development,  and 
retains  in  a  station  of  mediocrity 
many  who  otherwise  might  have  risen 
to  distinction.  Friedlsinder's  division 
of  the  day  is  as  follows,  according  to 
different  ages : — 


•  Levy's  Hygiene,  vol.  ii.,  p.  468. 
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Exercise     ,    ,  , 
In-door  Meals 

Ages.  Sleep.     ^^^^^^     occupa-  and 

,.         tions,  rest, 
occupations. 

7  9  9  2  4 

8  9  9  2  4 

9  9  8  3  4 

10  8  8  4  4 

11  8  7  5  4 

12  8  6  6  4 

13  8  5  7  4 

14  7  5  8  4 

15  7  4  9  4 

This  division  ought  not,  however, 
to  be  regarded  as  a  rule  universally, 
or  even  generally,  applicable.  It  errs 
in  giving  too  little  time  to  sleep,  and 
too  much  to  in-door  occupations,  espe- 
cially in  the  later  years ;  and  in  esti- 
mating it,  the  reader  will  bear  in  mind 
that  the  hours  of  exercise  and  out-door 
occupations  are  proposed  to  be  spent, 
not  in  continued  muscular  exertion, 
but  in  a  manner  which  will  combine 
play  and  recreation  with  useful  em- 
ployment. 

Tiiese  hours  of  exercise  and  recrea- 
tion may,  by  a  judicious  teacher,  be 
made  as  conducive  to  the  proper 
training  of  the  young  as  the  time  spent 
on  the  benches  of  the  school-room ; 
and,  instead  of  being  time  "  wasted," 
it  may  be  made  time  most  profitably 
spent  for  both  body  and  mind. 

Facts  illustrative  of  the  beneficial  in- 
fluence of  a  mental  stimulus  as  the  only 
legitimate  source  of  muscular  activity 
abound  everywhere,  and  must  be  fa- 
miliar to  every  reflecting  mind  ;  but 
as  the  practical  inferences  deducible 
from  them  have,  to  a  great  extent, 
escaped  the  notice  of  parents  and 
teachei-8,  I  shall  add  a  few  remarks  in 
fai'ther  elucidation  of  them. 

Every  body  knows  how  wearisome 
and  disagreeable  it  is  to  saunter  along, 
without  having  some  object  to  attain  ; 
and  how  listless  and  unprofitable  a 
walk  taken  against  the  inclination  and 
merely  for  exercise  is,  compared  to 
the  same  exertion  made  in  pursuit 
of  an  object  on  which  we  are  intent. 
The  difference  is  simply,  that,  in  the 
former  case,  the  muscles  are  obliged  to 
work  without  that  full  nervous  im- 


pulse which  Nature  has  decreed  to  be 
essential  to  their  healthy  and  ener- 
getic action ;  and  that,  in  the  latter, 
the  nervous  impulse  is  in  full  and 
harmonious  operation.  The  great  su- 
periority of  active  sports,  botanical 
and  geological  excursions,  gardening, 
and  turning,  as  means  of  exercise,  over 
mere  monotonous  movements,  is  refer- 
able to  the  same  principle.  Every 
kind  of  youthful  play  and  mechanical 
operation  interests  and  excites  the 
mind,  as  well  as  occupies  the  body ; 
and  by  thus  placing  the  muscles  in  the 
best  position  for  wholesome  and  bene- 
ficial exertion,  enables  them  to  act 
witliout  fatigue,  for  a  length  of  time 
which,  if  occupied  in  mere  walking 
for  exercise,  wotdd  utterly  exhaust 
their  powers. 

The  elastic  spring,  bright  eye,  and 
cheerful  glow  of  beings  thus  excited, 
form  a  perfect  contrast  to  the  spirit- 
less aspect  of  many  of  our  boarding- 
school  processions  of  girls  ;  and  the 
results  in  point  of  health  and  ac- 
tivity are  not  less  different.  So  in- 
fluential, indeed,  is  the  nervous  stimu- 
lus, that  examples  have  occurred  of 
strong  mental  emotions  having  instan- 
taneously given  life  and  vigour  to 
paralytic  limbs.  Thus,  Dr  Williams 
tells  us  that  "  a  lady  who  for  several 
years  had  lost  the  use  of  her  lower 
extremities,  was  startled  by  a  rat  run- 
ning near  her :  having  an  extreme 
antipathy  to  the  animal,  she  made  an 
effort  and  sprung  upon  a  table  near  ; 
the  power,  however,  did  not  remain, 
for  she  could  not  get  down  again.* 

*  Such  cases  may  be  explained  by  sup- 
posing that  that  part  of  brain  wliicli  gives 
the  feeling  of  fear — the  phrenological  organ 
of  Cautiousness— was  here  violently  excited, 
and  that  the  excitement  was  directly  trans- 
mitted to  the  spinal  cord,  and  communi- 
cated to  the  motor  apparatus.  So  soon, 
however,  as  safety  was  attained  the  stinnilus 
was  withdrawn,  and  the  paralytic  condition 
returned.  It  is  evident  tliat  it  was  not  the 
will  which  produced  motion  ;  bi  cause  voli- 
tion was  found  incapable  of  overcoming  the 
paralysis, so  soon  as  the  excitement  was  with- 
drawn. A  little  reflection  will  shew  how  the 
excitement  of  the  cerebral  organs  must  thus 
add  to  the  energy  of  voluntary  motion,  an 
effect  abundantly  exemplified  in  the  text  of 
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A  more  permanent  cure  of  impaired 
action,"  ho  continues,  "  bas  been  cf- 
fv^cted  by  the  excitement  of  religious 
fanaticism,  as  in  tlic  case  of  the  sup- 
posed miracles  of  Prince  Hohenloho, 
J\Iiss  Faucourt,  &c.  As  we  have  found 
tliat  such  mental  excitement  sometimes 
causes  excessive  voluntary  motion  in 
healthy  persons,  so  we  perceive  that, 
suddenly  ajiplied,  it  may  restore  it 
when  defective. '"t  Many  who  feel 
ready  to  drop  from  fatigue  after  a 
merely  mechanical  walk,  would  have 
no  difficulty  in  afterwards  undergoing 
much  continuous  exertion  in  active 
play  or  in  dancing ;  and  it  is  absurd, 
therefore,  to  say  that  exercise  is  not 
beneficial,  when  in  reality  proper  ex- 
ercise has  not  been  tried. 

The  amount  of  bodily  exertion  of 
which  soldiers  are  capable,  is  well 
known  to  be  prodigiously  increased  by 
the  m«ntal  stimulusofpui-suit,  of  fight- 
ing, or  of  victory.  In  the  retreat  of 
the  French  from  Moscow,  for  example, 
when  no  enemy  was  near,  the  soldiers 
became  depressed  in  courage  and  en- 
feebled in  body,  and  neaiiy  sank  to 
the  earth  through  exhaustion  and  cold; 
but  no  sooner  did  the  report  of  the 
Russian  guns  sound  in  their  ears,  or 
the  gleam  of  hostile  bayonets  flash  in 
their  eyes,  than  new  life  seemed  to 
pervade  them,  and  they  wielded  pow- 
erfully the  arms  which,  a  few  moments 
before,  they  could  scarcely  drag  along 
the  ground.  No  sooner,  however,  was 
the  enemy  repulsed,  and  the  nervous 
stimulus  which  animated  their  muscles 
withdrawn,  than  their  feebleness  re- 
turned. Dr  Sijarrman,  in  like  man- 
ner, after  describing  the  fatigue  and 
exhaustion  which  he  and  his  party  en- 
dured in  their  travels  at  the  Cape, 
adds, — "  Yet,  what  even  now  appears 
to  me  a  matter  of  wonder  is,  that  as 
noon  as  we  <iot  a  glimpse  of  the  game, 
all  this  languor  left  us  in  an  instant.'^ 
On  the  principle  above  stated,  this  re- 
sult is  perfectly  natural,  and  in  strict 
harmony  with  what  we  observe  in 

tlie  present  ehaptei-.  This  subject  will  be 
more  fully  entered  upon  when  we  couie  to 
treat  of  the  nervous  system. 

t  Principles  of  Medicine,  2d  ed.,  p.  90. 


sportsmen,  cricketers,  golfers,  skaters, 
and  others,  who,  under  the  influence  of 
agreeable  mental  excitement,  are  able 
to  undergo  a  much  greater  amount  of 
bodily  labour  than  men  of  stronger 
muscular  frames,  but  animated  by  no 
such  stimulus,  or  nervous  impulse. 
Intense  nervous  stimulus  becomes  the 
substitute  for  bulk  of  muscle,  and  Sir 
Walter  Scott  shewed  his  knowledge  of 
this  physiological  truth,  wlien  he  made 
the  sti'ongly-built  form  of  Balfour  of 
Burleigh  fall  under  the  blow  of  the 
comparatively  slight  but  nervous  arm 
of  Claverhouse,  in  the  retreat  after 
the  battle  of  i  )rumclog.  I  have  heard 
an  intelligent  engineer  remark  the 
astonishment  often  felt  by  country 
peojjle,  at  finding  him  and  his  town 
companions,  although  more  slightly 
made,  withstand  the  fatigues  and  ex- 
posure of  a  day's  surveying  better  than 
themselves;  but,  said  he,  "  they  over- 
looked the  fact  that  our  employment 
gives  to  the  mind,  as  well  as  to  the 
body,  a  stimulus  which  they  were  en- 
tirely without,  as  their  only  object 
was  to  afford  us  bodily  aid,  when  re- 
quired, in  di'agging  the  chains  or  car- 
rying our  instruments." — In  the  same 
way,  the  conversation  of  a  friend  great- 
ly increases  the  power  of  walking. 

The  same  important  principle  was 
implied  in  the  advice  wliicii  the  Spec- 
tator tells  us  was  given  by  a  physician 
to  one  of  the  eastern  kings,  when  he 
brought  him  a  racket,  and  told  him 
that  the  remedy  was  concealed  in  the 
handle,  and  could  act  upon  him  only 
by  passing  into  the  palms  of  bis  hands 
when  engaged  in  playing  with  it — 
and  that  as  soon  as  perspiration  was 
induced,  he  might  desist  for  the  time, 
as  that  would  be  a  proof  of  the  medi- 
cine being  received  into  the  general 
system.  The  etiect,  we  are  told,  was 
marvellous;  and,  looking  to  the  prin- 
ciple just  stated,  to  the  cheerful  ner- 
vous stimulus  arising  from  the  confi- 
dent expectation  of  a  cure,  and  to  the 
consequent  advantage  of  exercise  thus 
judiciously  managed,  we  perceive  that 
the  fable  is  in  perfect  accordance  with 
nature. 

Tlie  story  of  an  Englishman  who 
conceived  himself  so  ill  as  to  be  un- 
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able  to  stir,  but  who  was  presailed 
upon  by  his  mediciil  advisers  to  go 
dowu  from  Loudon  to  consult  an  emi- 
nent physician  who,  they  told  liim, 
resided  at  Inverness,  may  serve  as  an- 
other illustration.  The  stimulus  of 
expecting  tlie  means  of  cure  from  the 
northern  luminary,  was  sufficient  to 
enable  the  patient  not  only  to  bear, 
but  to  reap  benefit  from  the  exertion 
of  making  the  journey  down  ;  and  his 
wrath  at  finding  no  such  person  at 
Inverness,  and  perceiving  that  he  had 
been  tricked,  sustained  him  in  return- 
ing, so  that  on  his  arrival  at  home  ho 
was  nearly  cured.  Hence  also  the 
superiority  of  battledoor  and  shuttle- 
cock, and  similar  games,  which  require 
society  and  some  mental  stimulus,  over 
I  listless  exercise.  It  is  in  fact  a  positive 
I  misnomer  to  call  a  solemn  procession 
I  e.xfrcise.  Nature  will  not  be  cheated  ; 
j  and  the  healthful  results  of  complete 
cheerful  exertion  will  never  be  ob- 
tained where  the  nervous  impulse 
which  animates  the  muscles  is  denied. 

'•  What  is  it,''  asks  Mr  Wilson, 
"  that  makes  the  difference  between 
the  exercise  of  youth,  and  that  of  the 
I  felon  on  the  tread-wheel ;  between  the 
pedestrian  in  the  Isle  of  Wight  or 
I  Switzerland,  and  the  pedestrian  from 
I  Chelsea  to  the  Bank ;  between  the 
I  light  and  quick  footstep  wending  to 
Greenwich  Park,  and  the  dull  tread 
of  the  nursery -maid  at  home?    Is  it 
not  mind  ?    Is  it  not  the  young  and 
buoyant  joy  of  the  scliool-boy  that  in- 
spirits his  laugh  and  his  leap  ?  while 
silent  and  morose,  humiliated,  not  con- 
vinced, the  felon  suffers  his  monoton- 
ous existence,  moving,  it  is  true,  but 
not  in  exercise.    Is  it  not  the  novelty 
or  the  beauty  of  the  scene,  the  plea- 
sant weather,  or  the  immunity  from 
customary  labour,  that  gives  spirit  to 
the  pedestrian's  tour,as  compared  with 
the  dull,  desultory  repetition  of  the 
same  sights,  same  persons,  same  things, 
and  same  path  to  and  from  business? 
Is  it  not  the  prospect  of  enjoyment,  of 
gaiety,  or  pleasure,  that  makes  the  dif- 
ference between  the  elastic  step  of 
the  maiden  enfranchised  from  present 
duties,  and  the  same  person  in  the  pur- 
suit of  her  necessity-impelled  and  or- 


dinary offices  ?  We  need  not  ask 
which  is  most  calculated  to  be  benefi- 
cial to  health ;  wliich  to  arouse  the 
dormant  functions  of  the  skin,  to  2)ro- 
mote  the  removal  of  irritating  ele- 
ments from  the  blood,  to  increase  tlie 
vigo-^U"  of  the  frame,  purify  the  com- 
plexion, and  enrich  the  beaming  tints 
of  beauty.  In  mind  lies  the  great  se- 
cret of  beneficial  exercise,  and  without 
it,  exercise  is  a  misnomer,  and  a  fraud 
on  the  constitution."  * 

It  must  not,  however,  be  supposed, 
that  a  walk  simply  for  the  sake  of 
exercise  can  never  be  beneficial.    If  a 
person  be  thoroughly  satisfied  that  ex- 
ercise is  requisite,  and  perfectly  will- 
ing,  or  rather  desirous,  to  obey  the  call 
which  demands  it,  he  is  from  that  very 
circumstance  in  a  fit  state  for  deriv- 
ing benefit  from  it,  because  the  desire 
then  becomes  a  sufHcient  nervous  im- 
pulse, and  one  in  perfect  harmony 
with  the  muscular  action.    It  is  only 
where  a  person  goes  to  walk,  either 
from  a  sense  of  duty  or  at  the  com- 
mand of  another,  but  against  his  own 
inclination,  that  exercise  is  compara- 
tively useless.     Besides,  as  already 
repeatedly  observed,  exercise,  in  order 
to  exert  a  beneficial  influence  on  the 
whole  organism,  must  be  such  as  to 
stimulate  the  circulation  and  the  func- 
tion of  respiration,  and,  consequently, 
those  changes  of  matter  on  which  vita- 
lity depends.    Now,  as  Valentin  has 
shewn  that  mere  sauntering  exercise 
does  not  increase  the  cutaneous  exhala- 
tions, it  follows  that  no  impetus  can 
thus  be  given  to   the  jirocesses  of 
transformation  by  which  vital  energy 
is  generated.    No  additional  quantity 
of  oxygen  is  inhaled,  no  increase  of 
animal  heat  is  produced,  the  circula- 
tion is  not  stimulated,  and  no  glow 
pervades   the   surface.     The  body, 
therefore,  is  not  fortified  against  the 
influence  of  the  weather  ;  and  hence  it 
is  that  delicate  females  so  frequently 
suffer  from  "taking  a  walk"  in  cold 
weather.    On  the  other  hand,  the  ob- 
servations of  Vierordt  teach  us  that  the 
beneficial  eflfects  of  exercise  are  not 
limited  to  the  time  during  which  the 

*  Wlloon  on  Healthy  Skin,  3d  ed.,  p.  116. 
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exercise  is  taken,  but  that  a  stimulus 
is  given  to  the  vital  metamorphoses, 
which  continues  for  a  considerable  pe- 
riod. Accordingly,  every  one  must 
have  remarked  how  readily  sharp 
exercise  dispels  a  feeling  of  chilliness, 
and  imparts  an  enduring  comfortable 
glow.  Vierordthas  proved  the  reality 
of  the  stimulus  by  showing  that  the 
lungs  continue  to  excrete  about  16'4 
cubic  inches  of  carbonic  acid  more  per 
minute,  for  a  considei-able  time  after 
a  smart  walk,  and  long  after  all  acce- 
leration of  the  pulse  and  respiration 
has  ceased,  than  at  other  times  when 
the  state  of  quiescence  has  not  been 
broken.* 

The  fact  that  a  mental  impulse  is 
required  to  direct  and  excite  muscular 
action,  points  to  the   propriety  of 
teaching  the  young  to  observe  and 
examine  the  qualities  and  arrange- 
ments of  external  objects.    The  most 
pleasing  and  healthful  exercise  may 
be  thus  secured,  and  every  step  be 
made  to  add  to  useful  knowledge  and 
to  individual  enjoyment.    The  bota- 
nist, the  geologist,  and  the  natural 
historian,  experience  pleasures  in  their 
walks  and  rambles,  of  which,  from 
disuse  of  their  eyes  and  observing 
powers,  the  multitude  are  deprived. 
This  truth  is  acted  upon  by  many 
teachers  in  Germany.     In  our  own 
country,  too,  it  is  beginning  to  be  felt, 
and  one  of  the  professed  objects  of  in- 
fant-education is  to  correct  the  omis- 
sion.   It  must  not,  however,  be  sup- 
posed that  any  kind  of  mental  activity 
will  give  the  necessary  stimulus  to 
muscular  action,  and  that,  in  walking 
it  will  do  equally  well  to  read  a  book 
or  carry  on  a  train  of  abstract  think 
ing,  as  to  seek  the  necessary  nervous 
stimulus  in  picking  up  plants,  ham 
mering  rocks,  or  engaging  in  games. 
This  were  a  great  mistake  ;  for  in  such 
cases  the  nervous  impulse  is  opposed 
rather  than  favourable  to  muscular 
action.    Ready  and  pleasant  mental 
activity,  like  that  which  accompanies 
easy  conversation  with  a  friend,  is  in 
deed  beneficial  by  diffusing  a  gentle 

*  Wagner's  Handwiirterbuch  der  Physio 
logie.    Band  iv.,  p.  90. 


stimulus  over  the   nervous  system ; 
and  it  may  be  laid  down  as  a  general 
rule  that  any  agreeable  employment 
of  an  inspiriting  and  active  kind,  and 
which  does  not  absorb  the  mind,  adds 
to  the  advantages  of  muscular  exer- 
cise.   But  wherever  the  mind  is  en- 
gaged in  reading  or  in  abstract  spe- 
culation, tlie  nervous  energy  is  as  it 
were  divided,  and  the  muscles  are  de- 
prived of  their  due  share,  by  reason  of 
the  great  exhaustion  of  it  by  the  brain; 
the  stimulus  to  set  tliem  in  motion  is 
proportionally  weakened,  and  their 
action  is  reduced  to  that  inanimate 
kind  I  have  already  condemned  as 
almost  useless.    From  this  exposition, 
the  reader  will  be  able  to  appreciate 
the  hurtfulness  of  the   practice  in 
many  boarding-schools,  of  sending  out 
the  girls  to  walk  with  a  book  in  their 
hands,  and  even  obliging  them  to 
learn  by  heart  while  in  the  act  of 
liking.     It  would  be  difficult,  in- 
deed, to  invent  a  method  by  which 
the  ends  in  view  could  be  more  com- 
pletely defeated  as  regards  botli  mind 
and  body.    The  very  effort  of  fixing 
the  eye  on  the  printed  page  when  in 
motion,  strains  the  attention,  impedes 
the  act  of  breathing,  distracts  the 
nervous  influence,  and  thus  deprives 
the  exercise  of  all  its  advantages.  We 
have   already    seen    how  necessary 
nervous  stimulus  is  to  nutrition,  and 
we  can  now  more  thoroughly  appre- 
ciate the  magnitude  of  the  evils  which 
result,  perhaps,  more  from  its  misap- 
plication than  from  its  absence.  For 
true  and   beneficial   exercise,  there 
must,  in  cases  where  the  mind  is  se- 
riously occupied,  be  harmony  of  action 
between  the  mind  which  impels,  and  the 
piart  ivhich  obei/s  and  acts.     The  will 
and  the  muscles  must  be  both  directed  to 
the  same  end  and  at  the  same  time, 
otherwise  the  effect  will  be  imperfect. 
But  in  reading  during  exercise,  this 
can  never  be  the  case.     The  force 
exerted  by  strong  muscles,  animated 
by  strong  nervous  impulse  or  will,  is 
prodigiously  greater  than  when  the 
impulse  is  weak  or  discordant ;  and  as 
man  was  made  not  to  do  two  things  at 
once,  but  to  direct  his  whole  powers  to 
one  thing  at  a  time,  he  has  ever  ex- 
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celled  most  when  he  has  followed  this 
law  of  his  nature. 

The  second  rule  for  the  manasre- 
ment  of  exercise  is,  that  it  should  in- 
volve as  much  variety  of  movement  as 
possible,  for  the  double  purpose  of 
calling  into  play  the  greatest  possible 
number  of  the  muscles,  and  of  fulfilling 
the  law  which  requires  their  alternate 
contraction  and  relaxation  as  the  con- 
dition of  their  well-being.  The  abso- 
lute necessity  of  attention  to  this  rule 
will  be  apparent  when  we  consider 
that  the  sphere  of  action  of  each 
muscle  is  strictly  local,  and  that  it  is 
only  by  calling  them  all  into  play  that 
a  general  effect  can  be  produced.  Thus, 
by  much  walking,  we  may  greatly  de- 
velope  the  muscles  of  the  legs,  and  yet 
leave  those  of  the  arms  and  chest  com- 
paratively feeble ;  or,  by  wielding  a 
ponderous  hammer,  or  rowing  a  boat, 
we  may  greatly  develope  those  of  the 
chest  and  arms,  and  leave  the  legs 
weak,  and  their  circulation  languid. 
For  the  same  reason,  a  slow  formal 
walk,  with  demure  look  and  motion- 
less arras,  is  much  less  useful  than  a 
smart  walk  or  run,  in  which  we  can-  i 
not  refrain  from  exercising  the  arms  ^ 
and  chest  also.  In  the  former  case, 
the  influence  is  entirely  confined  to 
the  legs,  and  is  small  even  on  them ; 
while,  from  the  trunk  and  arms  re- 
maining rigid  and  inactive,  and  the 
circulation  and  respiration  receiving 
no  stimulus,  no  general  advantage  is 
obtained.  Exercise,  therefore,  is  most 
beneficial  when  all  the  muscles  are 
called  into  play ;  but  the  exercise  of 
any  set  of  muscles,  which  is  accom- 
panied by  general  excitement  of  the 
system,  is  much  to  be  preferred  to  a 
languid  saunter,  which  leaves  the 
various  organs  in  a  state  of  quiescence. 

Another  reason  for  varied  move- 
ments in  exercise  is,  that  the  consti- 
tution of  the  muscles  requires  their 
frequent  contraction  and  relaxation ; 
and  if  this  is  neglected,  and  they  are 
kept  long  in  the  same  state  of  tension, 
they  become  wearied  and  weakened  by  , 
exhaustion.  Let  this  physiological 
law  be  kept  in  view,  and  then  let  the 
reader  consider  the  motionless  atti- 
tudes required  of  the  young  for  hours 


together  in  schools  and  at  home,  and 
say  whether  any  plan  more  opposed  to 
the  intentions  of  the  Creator  could  be 
devised  for  their  luanagement !  AVhen 
we  thus  sow  the  seeds  of  bad  hcaltli 
and  physical  deformity,  have  we  any 
right  to  be  surprised  and  grieved 
when  the  crop  which  we  have  cherished 
arrives  at  maturity  ?  God  has  kindly 
laid  the  conditions  of  our  welfare  be- 
fore us  without  mystery  and  without 
obscurity.  If  wc  prefer  our  own  way 
to  that  which  lie  in  his  wisdom  has 
marked  out  for  our  guidance,  can  we, 
witliout  presumption,  complain  of  the 
consequences  ?  The  path  of  duty  is 
obvious  as  the  sun  at  noonday.  The 
human  body  is  composed  of  bones  and 
muscles  in  addition  to  other  organs. 
Tliese  bones  and  muscles,  exceeding 
together  six  hundred  in  number,  were 
made  expressly  for  active  use  ;  and 
their  health  and  that  of  the  body 
depend  on  this  condition  being  ful- 
filled, by  all  of  them  being  called  into 
play  by  varied  and  vigorous  move- 
ments, with  proper  intervals  of  re2}ose. 
But  if  we  reject  this  variety,  and  re- 
strict the  body  to  the  constrained  ob- 
servance of  certain  attitudes  and  mo- 
tions, a  few  of  the  muscles  will  suffer 
from  being  overstrained,  but  the  great 
majority  of  them  and  the  bones  will 
become  weakened  from  inactivity,  and 
impaired  health  and  debility  neces- 
sarily follow. 

The  principle  of  varied  exercise  is 
often  transgressed  to  an  injurious  ex- 
teat  among  the  manufacturing  classes, 
and  its  results  are  seen  in  their  im- 
paired physical  condition.  We  are 
constantly  told  that  the  working  of 
young  children  in  factories  for  eight 
or  ten  hours  a-day  is  not  hurtful  in 
any  degree,  because  the  labour  is  so 
light  as  not  to  fatigue  them.  But  a 
statuary  might,  on  nearly  the  same 
grounds,  assure  his  living  model,  when 
requested  to  stand  for  hours  in  the 
same  attitude,  that  his  doing  so  can- 
not fatigue  him,  as  no  active  exertion 
is  required  of  him.  When  we  recol- 
lect that  to  preserve  the  same  atti- 
tude, the  same  muscles  must  be  in  a 
constant  state  of  tension,  and  the  re- 
mainder in  a  constant  state  of  relaxa- 
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tion,  and  that  all  of  them  arc  thus 
denied  that  alternate  contraction  and 
relaxation,-  and  those  intervals  of  re- 
pose, which  are  so  essential  to  their 
well-being,  the  case  of  the  factory- 
children  assumes  a  far  more  serious 
aspect.    And,  accordingly,  we  know, 
from  indisputable  evidence,  that  the 
factory  system  has,  notwithstanding 
the  boasted  lightness  of  the  labour, 
produced  a  large  amount  of  impaired 
health  and  physical  deformity.  In 
England  there  are  no  statistical  data 
of  a  sufficiently  precise  or  trustworthy 
character  to  be  adduced  as  evidence  ; 
but  it  is  otherwise  in  France,  where 
the  system  of  examining  the  yearly 
levy  of  conscripts  aft'ords  an  excellent 
test,  as  it  shews  the  exact  proportions 
found  unfit  for  the  army,  from  physical 
deformity,  in  every  part  of  the  country. 
All  the  young  men  above  twenty  years 
of  age,  liable  to  serve,  are  examined 
one  by  one  with  the  greatest  care  by 
a  council  composed  one-half  of  military 
men,  and  the  other  half  of  civilians  ; 
and  the  following  are  the  results  of  a 
comparison  made  between  ten  depart- 
ments which  are  principally  agricul- 
tural, with  ten  which  are  principally 
engaged  in  manufactures.  "  For  every 
10,000  young  men  capable  of  sujjport- 
ing  the  fatigues  of  military  service,  the 
ten  agricultural  departments  give  only 
4029 infirm  or  deformed  persons;  while 
the  ten  departments  which  are  chiefly 
manufacturing  give  9930  (more  than 
double  the  number)  of  infirm  or  de- 
formed persons.    These  numbers  are 
the  averages  of  the  ten  departments."' 
But  this  is  not  the  worst  of  the  picture. 
In  the  department  of  the  Eure,  the 
proportion  of  infirm  and  deformed 
persons  rises  so  high  as  14,451  for 
every  10,000  capable  persons ;  and 
according  to  Baron  Charles  Dupin,  in 
a  speech  reported  in  the  Monileur  of 
March  7,  1840,  "  the  fearful  conse- 
quences that  arise  from  excessive  la- 
bour in  childhood  and  youth  may  be 
judged  of  from  the  following  facts. 
In  Normandy,  for  every    100  men 
strong  enough  to  be  passed  as  recruits 
for  the  army,  there  were  rejected  170 
young  men  of  twenty  years  of  age  at 
Rouen,  200  at  Elbeuf,  and  500  at 


Bolbec,  all  manufacturing  towns  I'"* 
Well  may  it  be  added  in  the  reijort, 
that  "  such  immense  disproportions 
ought  not  to  be  looked  upon  with  in- 
difference by  the  legislature  ;  they  are 
proofs  of  deep  and  grievous  wounds  ; 
they  shew  that  there  must  be  indivi- 
dual suffering  of  the  most  afflicting 

kind  We  efu>uld  blush  for 

the  state  of  our  agriculture  if  we  could 
only  rear  for  its  02)crations  so  small  a 
proportion  of  oxen  and  horses  able  to 
work,  in  comparison  of  so  large  a  nu  mber 
of  tveak  and  misshaj>en  animals." 

I  am  quite  aware  that  the  whole- 
some regulations  now  in  force  in  this 
country,  prevent  the  production  of  an 
equal  extent  of  deformity  and  bad 
health  in  our  factories ;  and  that  in 
many  mills  the  most  active  measures 
are  emjjloyed  to  diminish  the  evils  of 
the  system  :  but  it  is  nevertheless  cer- 
tain that  in  the  best  of  them  the  mis- 
cliief  is  only  mitigated  and  not  ex- 
tinguished, while  in  by  far  the  greater 
number  the  amount  of  injury  inflicted 
is  still  very  great.  A  humane  and 
active  spirit  of  inquiry  has,  how'ever, 
been  excited,  and  the  general  sympathy 
which  it  has  called  forth  gives  a  pro- 
mise that  much  more  Avill  yet  be  done 
to  improve  the  physical  and  moral 
well-being  of  our  large  manufacturing 
population.  But  it  would  be  foreign 
to  my  present  purpose  to  pursue  the 
subject  here,  and  I  have  already  said 
enough  to  shew  the  necessity  which 
exists  of  consulting  variety  in  the 
exercise  and  eraploymentsof  the  young. 

To  render  exercise  as  beneficial  as 
possible,  particularly  in  educating  the 
young,  it  ought  always  to  be  taken  in 
the  open  air,  and  to  be  of  a  nature  to 
occupy  the  mind  as  well  as  the  body. 
Gardening,  hoeing,  social  play,  and 
active  sports  of  every  kind,  cricket, 
bowls,  shuttlecock,  the  ball,  archery, 
quoits,  hide-and-seek,  and  similar  oc- 
cupations and  recreations  well  known 
to  the  young,  are  infinitely  preferable 
to  regular  and  unmeaning  walks,  and 

«  LconnrJ  Horner  on  the  Emiiloyment 
of  Childrou  in  factories  aud  other  Works, 
p.  51-2.    Longman  &  Co.  1840. 
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tend  in  a  much  liigher  degree  to  dove- 
lope  and  strengthen  the  bodily  frame, 
and  to  secure  a  straight  spine  and  an 
erect  and  firm  but  easy  and  graceful 
carriage.  A  formal  walk  is  odious 
and  useless  to  many  girls  who  would 
be  delighted  and  benefited  by  spend- 
ing three  or  four  hours  a-dfay  in 
spirited  exercise  and  useful  employ- 
ment. 

Let  those  mothers,  who  are  afraid 
to  trust  to  Xature  for  strengtliening 
and  developing  the  limbs  and  spines 
of  their  daughters,  attend  to  facts, 
and  their  fears  will  vanish.  It  is  no- 
torious that  a  majority  of  those  girls 
who,  in  opposition  to  the  laws  of  Na- 
ture, are  encased  in  stays,  and  get  in- 
sufficient exercise,  become  deformed — 
an  occurrence  which,  on  theother  hand, 
is  comparatively  rare  in  boys,  who 
are  left,  in  conformity  with  the  de- 
signs of  Nature,  to  acquire  strength 
and  symmetry  from  free  and  unre- 
stricted muscular  action.  In  the  girl 
the  pressure  of  stays  impedes  the  Row 
of  blood  to  the  muscles,  which,  being 
therefore  imperfectly  nourished,  waste 
away.  They  lose  their  healthy  red 
colour,  and  become  pale  and  flabby  ; 
and,  coextensively  with  this  change, 
their  contractile  power  diminishes. 
They  are  no  longer  able  to  hold  the 
trunk  erect,  and  spinal  deformity  ne- 
cessarily ensues.  Hence,  in  ordertopro- 
duce  injurious  consequences,  a  degree 
of  pressure  is  sufficient,  far  below  what 
is  requisite  to  cause  distortion  of  the 
chest,  and  compression  of  the  respi- 
ratory and  digestive  organs.  In  a 
seminary  for  young  ladies,  contain- 
ing forty  pupils,  it  was  discovered, 
on  examination,  by  Dr  Forbes,  that 
only  two  out  of  those  who  had  been 
resident  in  it  for  two  years  had 
straight  spines;  while  out  of  an 
equal  number  of  boys,  imperfect  as 
their  exercise  often  is,  it  would  be 
difficult  to  discover  as  many  whose 
spines  were  not  straight.  Here,  then, 
is  ample  proof,  that  stays,  and  absence 
of  exercise,  so  far  from  contributing 
to  an  elegant  carriage,  are  directly 
opposed  to  its  acquisition ;  and  that 
the  absence  of  stays,  and  indulgence  in 
exercise  (even  when  not  carried  so  far 


as  the  wants  of  the  system  require), 
instead  of  being  luirtful  to  the  spine, 
contribute  powerfully  to  its  strength 
and  security.  Yet  such  is  the  domi- 
nion of  prejudice  and  habit,  that, 
with  these  results  meeting  our  obser- 
vation in  every  quarter,  we  continue 
to  make  as  great  a  distinction  in  the 
physical  education  of  the  two  sexes  in 
early  life,  as  if  they  belonged  to  dif- 
ferent orders  of  beings,  and  were  con- 
structed on  such  opposite  principles, 
that  what  was  to  benefit  the  one 
must  necessarily  hurt  the  other.  It  is 
true  that  there  are  cases  of  disease  in 
wliich  the  use  of  stays  may  be  bene- 
ficially resorted  to ;  but  so  far  from 
sapctioningtheir  general  employment, 
such  cases  are  sufficient  to  prove  that, 
like  every  other  remedy,  they  ought 
to  be  used  only  under  the  direction  of 
the  medical  attendant. 

Spinal  deformity  may  arise  either 
from  habitual  indulgence  in  a  vicious 
posture,  such  as  is  occasionally  con- 
tracted in  writing  or  drawing,  or 
from  weakness  of  the  muscles  caused 
by  deficient  exercise,  the  use  of  stays, 
&c.  In  the  former  case,  the  spinal 
column,  being  bent  to  one  side,  retains 
for  hours  at  a  time  in  a  state  of  tension 
the  muscles  of  the  opposite  side,  which 
thus  seem  to  become  elongated,  and  are 
unableto  contract  with  sufficientpower 
tohold  the  spinal  column  straightwhen 
an  erect  posture  is  attempted  to  be 
resumed.  When  the  cause  of  the  de- 
formity lies  in  the  general  weakness 
of  the  muscles,  the  determination  of 
the  leaning  to  one  side  or  the  other  is 
usually  dependent  on  the  habitual  em- 
ployment of  the  girl.  In  both  cases  the 
result  is  equally  to  be  deplored  ;  and  I 
make  this  earnest  appeal  to  mothers, 
because,  in  truth,  it  is  they  who  are  re- 
sponsible to  both  God  and  man  for  any 
suftering  entailed  upon  their  children 
from  this  cause.  They  are  the  guides 
to  whom  their  daughters  look  up  with 
deference  and  respect,  and  if  tliey  ne- 
glect their  trust,  evil  cannot  fail  to 
result.  To  mothers  I  would  say, — 
Listen  to  the  clear-sighted  evidence  of 
one  of  your  own  sex,  whose  worth  and 
talents  entitle  her  opinions  and  judg- 
ment to  have  weight  with  you,  and 
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who  writes  only  to  do  good.  "  We 
are  now  so  much  accustomed  to  see 
delicate  women,"  remarks  Madame 
Keeker  de  Saussure,  "  that,  from  want 
of  good  models,  the  ideal  of  a  good 
figure  has  altogether  disappeared  from 
the  imaginations  of  many.  What 
features  do  we  boast  of  in  romance  ? 
Is  it  a  dazzling  freshness,  or  the 
graceful  elasticity  and  vivacity  of 
youth  ?  No,  it  is  a  fragile  and  airy 
form,  a  sylph-like  figure,  an  interest- 
ing paleness  occasionally  relieved  by 
a  tinge  of  carnation  ;  it  is  an  ex- 
pressive look  softly  shaded  by  melan- 
choly. But  the  most  of  these  indications 
are  ■precisdy  tlix>se  of  feeble  health.  Ex- 
treme delicacy  of  form,  a  colour  which 
comes  and  goes,  and  a  languor  of  ex- 
pression, forbode  nothing  good  for  the 
future  mother  or  wife,  called  upon 
perhaps  to  aid  her  husband  in  adver- 
sity. And  yet,  in  the  meantime,  pic- 
tures of  this  kind  fascinate  the  ima- 
gination of  a  young  girl  and  even  of  a 
mother,  and  make  them  afraid  of  in- 
juring charms  so  seductive.  One 
young  person  will  not  eat  from  the 
fear  of  becoming  too  stout,  another 
will  not  walk  lest  her  foot  should  be- 
come too  large.  What  miserable 
folly!" 

"  We  have  no  wish  to  form  Clo- 
rindas  or  stately  Amazons  ;  assuredly 
not ;  but  the  opposite  extreme  into 
which  women  have  lately  fallen,  shews 
that  the  sex  has  degenerated.  Thiscom- 
plaint  is  heard  everywhere,  in  Eng- 
land, in  Switzerland,  and  even  in 
America,  more  than  any  where  else. 
The  victims  of  maternity  multiply 
daily,  youthful  widowers  often  afflict 
our  sight.  Physicians  often  forbid 
mothers  from  nursing,  so  much  would 
it  weaken  both  them  and  their  nurs- 
lings. Numerous  orthopedic  (or  de- 
formity-correcting) establishments,  sad 
and  uncertain  remedies  for  a  defec- 
tive education,  arc  evidences  of  its 
fatal  consequences.  How  does  it  hap- 
pen that  in  an  ago  remarkable  for 
the  progress  of  medical  science,  the 
application  of  hygiene  to  woman 
should  be  so  much  in  arrear, — to  that 
half  of  the  human  family  on  whom  the 
health  of  the  whole  race  essentially 


depends?  To  her  will  be  due  the 
existence  of  a  healthy,  active,  and 
vigorous  generation,  or  of  one  that  is 
soft,  vacillating,  enervated,  and  sub- 
ject to  the  empire  of  excessive  nervous 
susceptibility,  such  as  chai'acterises  so 
many  women  of  the  present  day." 

"  In  towns,  especially,  physical  in- 
action and  inability  have  deplorable 
effects.  Much  is  believed  to  be  done 
when  the  young  girls  are  taken  out  to 
walk  in  fine  weather.  But  what 
elasticity,  I  ask,  can  a  monotonous 
march  give  them  when  they  are  com- 
pelled to  keep  themselves  erect,  to 
keep  a  guard  on  their  expi-ession, 
to  take  care  of  their  clothes,  and  to 
speak  very  low  ?  The  blood  is 
scarcely  sufficiently  accelerated  by  it 
to  diffuse  any  heat  through  their 
limbs.  The  muscles  of  the  arms,  the 
shoulders,  and  the  loins,  remain  in- 
active ;  those  muscles  which  are  60  ne- 
cessary in  uniting  the  bones  together, 
and  preventing  them  from  yielding, 
and  which,  by  their  free  play,  support 
and  maintain  the  spinal  column  in  its 
proper  position  ;  these  very  muscles 
receive  no  increase  of  strength  from 
exei*cise  ;  the  spine,  left  to  its  natural 
flexibility,  yields  under  the  weight  of 
the  hand  and  arms,  and  becomes 
curved  in  its  weakest  part."  * 

Were  there  any  real  difficulty  in  de- 
termining the  best  means  of  develop- 
ing the  body  and  preventing  defor- 
mity, even  the  comparison  of  savage 
with  civilized  man  would  at  once  re- 
move it.  Dr  Henry  Alarshall,  in  his 
excellent  work  On  the  Enlisting,  the 
Discharpiiui,  and  the  Pensioning  of  Sol- 
diers, states,  that  "  lateral  curvature 
of  the  spine  is  intimately  connected 
with  civilized  life.  In  the  male  sex, 
it  occurs  more  frequently  among  boys 
who  study  very  closely,  clerks,  and 
persons  who  exercise  sedentary  trades. 
The  agricultural  peasant  is  seldom 
aftected  with  it,  and  the  tribes  of  people 
commonly  denominated  savage  perhaps 
never.  I  have  had  good  opportunities 
of  observing  the  form  of  the  natives  of 

"  Madame  Necker  de  Saussure  sur  I'Edu- 
cation  Progressive,  &f.  Vol.  iii.,  p.  168. 
Paris,  1838. 
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India,  and  of  the  Malay  Islands,  and  I 
do  not  recollect  having  seen  a  single 
case  of  this  deformity  among  them." 
P.  21.  Dr  Marshall's  testimony  is 
strongly  supported  by  an  intoUigent 
old  author,  who,  in  describing  the 
Caribs  two  centuries  ago,  says,  in  a 
tone  of  regret,  "  They  do  not  swaddle 
their  infants,  but  leave  them  to  tumble 
about  at  liberty  in  their  little  ham- 
mocks, or  on  beds  of  leaves  spread  on 
the  earth  in  a  corner  of  their  huts ; 
and  NEVERTHELESS  their  limbs  do  not 
become  crooked,  and  their  whole  body  is 
perfectly  well  made.''  And  again  :  "Al- 
though the  little  creatures  are  left  to 
roll  about  on  the  ground  in  a  state  of 
nudity,  they  NEVERTHELESS  jrroM/  mar- 
vellously well,  and  most  of  them  become 
so  I'obust  as  to  be  able  to  walk  without 
support  at  six  months  old."'* 

The  naivete  of  this  expression  of 
surprise  at  the  little  Caribs  growing 
marvellously  well  with  the  assistance  of 
Nature  alone,  and  without  the  use  of 
stays  and  bandages  imported  from 
Europe,  is  extremely  amusing,  and 
shews  to  what  extent  prejudice  and 
custom,  once  established,  will  continue 
to  prevail,  even  where  we  have  be- 
fore our  eyes  the  strongest  evidence  of 
their  being  hurtful.  This  worthy 
writer  seems  never  to  have  allowed 
the  thought  to  enter  liis  head,  that  the 
Europeans  produced  the  deformity  by 
means  of  swaddling  and  bandages,  and 
that  the  Caribs  escaped  it,  simply  by 
avoiding  its  causes,  and  giving  liberty 
to  both  limbs  and  trunk  of  the  body. 

It  is  mentioned  of  the  Araucanian 
Indians  by  a  modern  traveller,  that 
"  the  children  are  never  swaddled  nor 
their  bodies  confined  by  any  tight 
clothing."  "  Tliey  are  allowed  to 
crawl  about  nearly  naked  until  they 
can  walk."  "  To  the  loose  clothing 
which  the  children  wear  from  their 
infancy,  may  doubtless  be  attributed 
the  total  absence  of  deformity  among 
the  Indians."t 

*  Histoire  Naturelle  et  Morale  des  Isles 
Antilles.    Rotterdam,  1G58. 

t  Stevenson's  Narrative  of  a  Twenty 
Years'  Residence  in  South  America,  vol.  i., 
PI).  %  10. 


But  there  is  another  important  con- 
sequence of  excessive  tasking  of  the 
mind,  confinement  within  doors,  and 
neglect  of  proper  exercise  in  the  open 
air,  to  which  the  attention  of  all 
mothers  ought  to  bo   earnestly  di- 

I  rected.  I  allude  to  the  delicacy  and 
lowered  tone  of  the  general  health  so 
graphically    described   by  Madame 

I  Xecker  de  Saussure,  and  which  fre- 
quently assumes  so  many  of  the  fea- 
tures of  increased  refinement  as  to  be 
considered  and  hailed  by  the  unre- 
flecting mother  as  a  new  charm  added 
to  her  daughter's  former  attractions. 
But  too  often  this  "  interesting 
paleness,"  '•'sylph-like  form,"  and  "ex- 
pression tinged  with  melancholy," 
are  only  the  harbingers  of  a  deep- 
seated  and  insidious  disease,  which  is 
destined  to  destroy  the  mother's  fond- 
est hopes  when  excited  to  the  utmost 
pitch.  The  same  indications  are  often 
the  first  clear  evidences  of  an  infir- 
mity of  constitution  which  becomes,  in 
its  turn,  the  source  of  many  evils,  and 
which  Mr  Hare  has  shewn  to  precede, 
in  most  cases,  the  actual  occurrence  of 
spinal  deformity  in  youth.  In  this 
sense,  Mr  Hare  justly  enough  considers 
the  impaired  health  as  the  first  stage  of 
the  spinal  disease,  and  affirms  that  the 
same  amount  of  physical  confinement 
would  not  be  sufficient  to  produce  the 
deformity  if  the  general  health  re- 
mained unbroken.*  In  this  view  I 
entirely  concur  ;  and  it  affords  a 
double  reason  for  putting  an  end  to 
the  present  system  of  excessive  con- 
finement and  mental  cultivation, 
wiuch,  there  can  be  no  doubt,  fre- 
quently induces  tliat  form  of  impaired 
health  wliich  Sir  .Tames  Clark  has 
shown  to  be  so  favourable  to  the  pro- 
duction of  tuberculous  consumption, 
and  which,  when  confirmed,  is  scarcely 
susceptible  of  cure.f 

The  evils  of  confinement  are  well 
illustrated  by  the  contrast  presented 
in  the  following  example  given  by  M. 
Fourcault.     The  general  hospital  of 

*  Hare  on  Spinal  Diseases.  London, 
1838. 

t  Sir  James  Clark  on  Consumption  and 
Scrofula. 
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Lille,  he  tells  us,  contains  a  consider- 
able number  of  poor  children  aban- 
doned to  the  charity  of  the  public. 
Tlie  children,  after  having  been  reared 
in  the  country,  are  transferred  to  the 
town  when  considered  old  enough  to 
work.  The  girls,  however,  are  con- 
fined to  the  hospital,  and  spend  the 
day  engaged  in  needlework  or  other 
feminine  employments  which  exercise 
only  the  fingers  and  hands  ;  while  the 
boys  are  for  the  most  part  bound  to 
trades  in  the  town.  In  consequence 
of  this  difference  of  treatment  the  boys 
in  general  become  healthy  and  robust, 
and  lose  in  a  great  measure  their  ori- 
ginal tendency  to  scrofulous  disease  ; 
while,  under  the  influence  of  a  seden- 
tary life,  the  girls  soon  growjiale  and 
chlorotic,  and,  with  few  exceptions, 
fall  early  victims  to  some  form  of 
scrofula.* 

The  next  rule  for  the  regulation  of 
exercise  is,  that  it  should  always  he 
proportioned  in  amount  to  the  age, 
t  strength,  state  of  the  constitution,  and 
former  habits  of  the  individual. 
From  overlooking  this  condition, 
it  is  usual  for  persons  of  an  indo- 
lent or  sedentary  habit  to  tell  the 
physician,  when  he  urges  upon  them 
the  necessity  of  exercise,  that  even  a 
short  walk  fatigues  them  so  much  as 
to  render  them  unfit  for  everything 
for  some  days  afterwards,  and  that 
they  are  never  so  well  as  when  allowed 
to  remain  in  the  house.  But  if,  in  per- 
fect reliance  on  the  regularity  of  the 
Creator's  laws,  we  seek  out  the  cause 
of  this  apparent  exception,  we  shall 
almost  uniformly  find,  that,  instead  of 
beginning  with  a  degree  of  exertion 
proportioned  to  the  weakened  state  of 
the  system,  such  persons  liave  (under 
the  notion  that  it  was  not  worth  while 
to  go  out  for  a  short  time)  forced  their 
muscles,  already  weakened  by  inacti- 
vity and  confinement,  to  perform  a 
walk  to  which  only  regularly  exercised 
muscles  were  adequate.  The  amount 
of  exertion  which  is  always  followed 
by  exhaustion  is  thus,  through  mere  im- 

•  Causes  Gcnerales  des  Maladies  Chro- 
niques,  p.  41. 


patience  and  ignorance,  substituted  for 
that  lesser  degree  which  always  gives 
strength  ;  and  because  the  former  is 
followed  by  hcadach  and  debility,  it  is 
arcrued  that  tlie  latter  also  must  be 
prejudicial!  ^Many  sensible  people 
delude  themselves  by  such  puerile 
plausibilities  as  this  ;  and  it  is  only 
by  the  diffusion  of  knowledge  of  the 
laws  of  exercise  as  part  of  a  useful 
education,  that  individuals  can  be  en- 
abled to  avoid  pucli  mistakes.  This, 
however,  will  be  made  more  clear  by 
the  following  considerations  : — 

"When  any  living  part  is  called  into 
activity,  the  processes  of  waste  and 
renovation,  which  are  incessantly  go- 
ing on  in  every  part  of  the  body,  pro- 
ceed with  greater  rapidity,  and  in  due 
proportion  to  each  other.  At  the 
same  time  the  vessels  and  nerves  be- 
come excited  to  a  higher  action,  and 
the  supply  of  arterial  or  nutritive 
blood  and  of  nervous  energy  becomes 
greater.  When  the  active  exercise 
ceases,  the  excitement  thus  given  to 
the  vital  functions  subsides,  and  the 
vessels  and  nerves  I'eturn  at  length  to 
their  original  state. 

If  the  exercise  be  resumed  frequent-  j 
ly  and  at  moderate  intervals,  the  in- 
creased action  of  the  blood-vessels  and 
nerves  becomes  more  permanent,  and 
does  not  sink  to  the  same  low  degree 
as  formerly  ;  nutrition  rather  exceeds 
waste,  and  the  part  consequently  GAINS 
in  size,  vigour,  and  activity.  But  if  the 
exercise  be  resumed  too  often,  or  be 
carried  too  far,  so  as  to  fatigue  and 
exhaust  the  vital  powers  of  the  part, 
the  results  become  reversed ;  waste 
then  exceeds  nutrition,  and  a  loss  of 
volume  and  of  poiuer  takes  place,  accom- 
panied with  a  painful  sense  of  exhaus- 
tion and  fatigue.  When,  on  the  other 
hand,  exercise  is  altogether  refrained 
from,  the  vital  functions  decay  from 
the  want  of  their  requisite  stimulus ; 
little  blood  is  sent  to  the  part,  and  nu- 
trition and  strength  fail  in  equal  pro- 
portion. A  limb  which  has  been  long 
in  disuse  becomes  weak  and  shrivelled 
from  this  cause,  and  its  muscles  pre- 
sent an  unusual  paleness  and  flabbiness, 
strongly  contrasting  with  the  florid 
redness  andrigid  fulness  of  the  muscles 
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of  a  well-exercised  limb.  It  is  solely 
because  the  left  hand  is  less  exercised 
than  the  right,  that  the  muscles  of  the 
right  arm  and  hand  excel  those  pf  the 
left  in  bulk  and  strength.  In  left- 
handed  persons  the  reverse  is  the  case. 

Even  sensation  gives  faithful  notice 
of  these  changes,  and  therefore  serves 
as  a  guide  to  the  amount  of  exercise. 
When  muscular  employment  is  ne- 
glected, the  body  becomes  weak,  slug- 
gish, and  unfit  for  powerful  efibrts, 
and  all  the  functions  languish.  When 
exercise  is  taken  regularly  and  in  due 
proportion,  a  grateful  sense  of  activity 
and  comfort  prevails,  and  we  feel  our- 
selves fit  for  every  duty,  both  mental 
and  bodily.  Lastly,  when  we  are  sub- 
jected to  excessive  exertion,  a  painful 
sense  of  weariness  and  exhaustion  en- 
sues, which  is  not  relieved  by  rest,  and 
which  for  a  long  time  prevents  sleep. 
A  person  who  has  greatly  over-fa- 
tigued himself  in  walking, forexample, 
is  feeble  and  restless ;  and,  on  lying 
down,  either  cannot  sleep  at  all,  and 
rises  in  the  morning  weak  in  body  and 
languid  in  mind  ;  or  has  uneasy  and 
disturbed  sleep  till  the  exhaustion  is 
partially  recovered  from,  after  which 
he  may  enjoy  sound  and  refreshing 
repose.    The  cause  of  the  inability  to 
sleep  is  exhaustion  of  the  nervous 
energy.    The  movements  of  respira- 
tion are  independent  of  the  will,  and 
spring  from  the  nervous  stiraulusissued 
by  the  medulla  oblongata  or  superior 
portion  of  the  spinal  cord.    But  in 
cases  of  excessive  fatigue  the  medulla 
"  partakes  of  the  general  exhaustion, 
and  cannot  maintain  the  respiration 
without  assistance  from  voluntary  ef- 
forts. Hence  the  feeling  of  oppression, 
and  the  frequent  sighing  which  banish 
all  repose;  or  if  sleep  do  ensue  it  is 
disturbed   by  startings  and  fearful 
dreams,  occasioned  by  the  painful  sen- 
sation of  imperfect  breathing."*  In 
such  cases  sleep  is  frequently  produced 
by  the  exhibition  of  stimulants,  which 
impart  an  artificial  strengtli,  and  thus 
afford  the  nervous  system  time  to  re- 
cruit. 

The  vital  action  of  the  muscles  and 
•  See  Williams'  Principles  of  Medicine, 
2d  ed.,  p.  90. 


of  the  nerves  is  dependent  upon  the 
normal  constitution  and  arrancrement 
of  the  molecules  which  coni2)ase  their 
tissues,  and  any  derangement  of  these 
is  necessarily  followed  by  derange- 
ment of  healthy  action.    In  the  ani- 
mal organism  the  nerves  and  muscles, 
as  has  already  been  explained,  are  so 
mutually  dependent,  and  so  intimately 
associated  together,  that  the  action  of 
the  one  necessarily  involves  the  action 
of  the  other.   The  muscle  requires  the 
nerve  for  the  conveyance  of  its  stimu- 
lus, and  the  nerve  requires  the  muscle 
for  the  performance  of  the  mandates 
which  it  transmits.    But  disturbance 
of  the  normal  molecular  condition  in 
the  muscle  or  in  the  nerve  interferes 
with  functional  efficiency,  and  in  ex- 
treme cases  acts  so  powerfully  that 
the  nerve  becomes  totally  incapable  of 
transmitting  a  stimulus, and  the  muscle 
of  acting  in  obedience  to  it.    All  vital 
action  is  accompanied  by  a  molecular 
change ;  and  continued  action,  or  the 
sum  of  a  number  of  minor  actions, 
therefore  produces  an  accumulating 
quantity  of  molecular  changes.   In  the 
present  state  of  science  we  are  unable 
to  make  these  changes  in  the  nerve 
physically  visible,  but  we  possess  in 
galvanism  and  electricity  a  means  of 
demonstrating  their  reality.  With 
the  microscope  we  can  detect  no  change 
in  the  filament  which  is  conveying  a 
mandate,  but  we  perceive  that  a  nerve, 
through  which  a  number  of  discharges 
of  galvanism  or  electricity  lias  passed, 
ceases  to  be  able  to  convey  a  stimulus 
to  a  muscle.    A  change  has  taken 
place  in  its  molecular  condition,  and 
this  change  has  enfeebled  or  destroyed 
its  vital  action.    From  the  state  of 
inefficiency  so  produced  it  recovers 
by  repose,  and   again  acquires  the 
power  of  exciting  the  muscle  to  con- 
traction.   In  like  manner  the  muscle 
is  dependent  on  its  molecular  condi- 
tion for  its  power  of  action.  Excessive 
exercise  alters  this  condition,  thereby 
weakening  its  contractile  power,  and 
producing  exhaustion  of  the  muscular 
force.    The  reality  of  this  molecular 
change  is  apparent  in  the  softened  tis- 
sue of  a  muscle  through  which  a  pro- 
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longod  stream  of  galvanism  has  been 
conducted,  or  which  has  undergone 
much  fatigue  in  the  living  body.  From 
this  exhausted  state  the  muscle,  like  the 
nerve,  recovers  by  repose  ;  for  which 
a  shorter  or  longer  time  is  necessary, 
according  to  the  amount  of  fatigue 
undergone,  and  the  previous  condition 
of  the  nervous  and  muscular  tissues. 
Tha  vital  powers  of  a  nerve  or  muscle 
are  much  more  ppeedily  exhausted  in 
a  weakly  ill-nourished  individual,"than 
in  one  who  is  strong  and  well-fed. 
This  well-known  truth  has  been  ex- 
perimentally proved  ;  the  muscular 
irritability  of  ill-fed  animals  very  soon 
disappearing,  and  their  muscles  refus- 
ing to  obey  the  galvanic  stimulus. 
But  the  molecular  condition,  and  con- 
sequently the  contractile  power,  of  a 
muscle,  is  dependent  on  the  flow  of 
blood,  as  well  as  on  the  nervous  stimu- 
lus ;  for  the  ligature  of  the  blood-ves- 
sels destroys  muscular  action  equally 
with  the  section  of  the  nerve.    In  both 
cases  the  nutrition  of  the  muscle  suf- 
fers ;  it  becomes  pale  and  f.abby,  and 
wastes  away.    There  is  reason  to  be- 
lieve, moreover,  that  the  molecular  con- 
dition of  the  nerves  and  muscles  in 
the  warm-blooded  animals  is  intimately 
connected  with  the  normal  tempera- 
ture of  their  bodies,  as  a  variation  of 
a  few  degrees  above  or  below  this 
point  seriously  affects  nervous  and 
muscular   action  ;  *   and  herein,  it 
would  appear,  lies  one  important  rea- 
son why  Nature  lias  so  decidedly  iixed 
the  degree  of  the  animal  boat.  In 
cold-blooded  animals  the  same     ;  il 
laws  do  not  apply;  for  we  find  t. 
they  may  undergo  changes  of  tem- 
perature which  would  speedily  prove 
fatal  to  the  higher  animals.  I'^ishes 
may  even  be  frozen  so  hard  that  they 
may  be  split  with  a  hatchet,  and  yet 
can  retain  vitality. 

The  foregoing  remarks  have  been 
,  made  with  the  view  of  attaching  some 
definite  meaning  to  the  expressions 
"  muscular  and  nervous  energy ;  "  to 
shew  that  they  represent  a  jieculiar 
and  material  condition  of  the  muscu- 
lar and  nervous  tissues,  and  to  explain 

•  See  Valentin's  Lchrbuch,  vol.  ii.,  p.  C8. 


that  fatigue  and  exhaustion  are  not 
dependent  simply  on  the  amount  of 
work  that  has  been  performed,  but  are 
also  intimately  connected  with  the 
condition  of  thtf  working  tissues.  Fa- 
tigue which  does  not  overstep  the  re- 
novating powers  of  repose  and  nutri- 
tion may  be  permanently  supported  ; 
whereas  one  day's  excessive  fatigue 
from  passing  this  boiTrd  may  so  alter 
the  molecular  coiK'l  Liyii  of  the  nervous 
and  muscular  tissues,  that  weeks  of  re- 
pose may  be  necessary  to  restore  them 
to  their  normal  condition.    Indeed  it 
is  not  an  unusual  occurrence  for  death 
to  follow  some  great  exertion  in  weak- 
ened states  of  tlie  system.    Valentin  > 
has  remarked  that  muscular  irrita- 
bility is  exhausted  in  a  quicker  ratio 
during  the  iirst  periods  of  exercise 
than  during  the  later,  and  we  see  this  | 
daily  exemplified  in  the  amount  of 
labour  which  muscles  are  capable  of 
undergoing  long  after  the  first  ebulli- 
tion of  delight  in  muscular  motion 
has  passed  away.    The  power  of  en- 
during fatigue  varies  remarkably  in 
different   individuals,  and  is  either 
congenital  or  acquired.    The  congeni- 
tal power  depends  on  some  peculiarity  ]i 
of  molecular  arrangement  which  we  | 
include  in   what  is  vaguely   called  j 
"  temperament,"  while  the  acquired  | 
power  is  connected  with  the  greater  ^ 
ease  with  which  nutrition  keeps  up  or  | 
restores  the  working  molecular  condi- 
tion a  '''iirding  to  physiological  laws 
which  iia\e  already  been  explained. 

It  remains  to  be  observed,  that  ex- 
cessive exercise,  besides  exhausting 
I  in  this  way  the  nervous  and  muscular 
energy,  likewise  alters  the  constitution  ! 
of  the  blood  itself.    This  is  suflRciently .  | 
proved  by  its  fluid  state  in  animals 
that  have  been  hunted  to  deafh,  and 
by  the  rapidity  with  which  in  such 
cases  the  body  passes  into  putridity. 
In  cases  of  extreme  fatigue  the  powers 
of  nutrition  are  necessarily  imjjaired  ; 
and  accordingly,  with  a  much  less  de- 
gree of  these  morbid  alterations,  the 
vital  metamorphoses  cease  to  be  nor- 
mally performed,  the  animal  tempei-a- 
ture  falls,  and  disease  becomes  immi- 
nent. The  analogous  changes  produced 
in  the  blood  of  individuals  who  have 


EXCESSIVE  TOIL  OF  AMERICAN  MINERS,  &c.  115 


undergone  much  muscular  fiitiguo,  to- 
gether with  the  concomitant  nervous 
exhaustion,  afford  an  amjile  explana- 
tion why  soldiers  and  others  worn  out 
with  prolonged  marches  rarely  recover 
from  attacks  of  fever. 

In  health  the  action  of  the  muscles 
is  performed  with  so  little  fatigue, 
that  we  are  apt  to  overlook  or  under- 
value the  amount  of  labour  they  are 
in  the  habit  of   performing.  The 
muscles  of  the  lower  extremities  of  a 
healthy  man  will   carry    his  body, 
weighing  perhaps  from  150  to  2001b., 
a  distance  of  thirty  miles,  for  several 
days  in  succession,  without  any  great 
fatigue.    The  amount  of  work  which 
is  thus  performed  will  be  properly 
appreciated  by  any  one  who  will  carry 
on  his  shoulders  a  weight  equal  to  that 
of  himself  even  a  single  mile.  The 
power  of  the  muscles  is  in  a  great  de- 
gree  dependent  upon  training  or  on 
habit,  and  man, as  a  muscular  machine, 
is  capable  of  undergoing  an  amount  of 
work  that  at  first  sight  seems  almost 
impossible.  "  Captain  Head,"  says  Mr 
Darwin,  "  has  described  the  wonderful 
loads  which  the  '  apires '  (miners  of 
Chili),  truly  beasts  of  burden,  carry 
up  from  the  deepest  mines.    I  confess 
I  thought  the  account  exaggerated;  so 
that  I  was  glad  to  take  an  opportunity 
of  weighing  one  of  the  loads,  which  I 
picked  up  by  hazard.     It  required 
considerable  exertion  on  my  part, 
when  standing  directly  over  it,  to  lift 
it  from  the  ground.    The  load  was 


considered  under  weight  when  found 
to  be  197  pounds.    The  apire  had 
carried  this  up  eighty  perpendicular 
yards, — part  of  the  way  by  a  steep 
passage,   but   the   greater  part  up 
notched  poles,  placed  in  a  zigzag  line 
up  the  shaft.    According  to  the  gene- 
ral regulation  the  apire  is  not  allowed 
to  halt  for  breath,  except  the  mine  is 
600  feet  deep.    The  average  load  is 
considered  as  rather  more  than  200 
pounds ;  and  I  have  been  assured  that 
one  of  300  pounds  (twenty-two  stones 
and  a-half),  by  way  of  trial,  has  been 
brought  up  from  the  deepest  mine  ! 
At  this  time  the  apires  were  bringing 
up  the  usual  load  twelve  times  in  a 
day ;  that  is,  2100  pounds  fcom  eighty 


yards  deep  ;  and  they  were  employed 
in  the  interval  in  breaking  and  pick- 
ing ore. 

"  These  men,  excepting  from  acci- 
dents, are  heallhy,  and  appear  cheer- 
ful.   Their  bodies  are  not  very  mus- 
cular.    They  rarely  eat  meat  once 
a-wcek,  and  never  oftener,  and  then 
only  the  hard  dry  charqui  (meat  dried 
in  the  sun).    Although  with  a  know- 
ledge that  the  labour  was  voluntary, 
it  was,  nevertheless,  quite  revolting 
to  see  the  state  in  which  they  reached 
the  mouth  of  the  mine ;  their  bodies 
bent  forward,  leaning  with  their  arms 
on  the  step;*,  their  legs  bowed,  their 
muscles  quivering,  the  perspiration 
streaming  from  their  faces  and  their 
breasts,  their  nostrils  distended,  the 
corners  of  their  mouth  forcibly  drawn 
back,  and  the  expulsion  of  their  breath 
most  laborious.    Each  time  they  draw 
their  breath,  they  utter  an  articulate 
cry  of  •'  ay-ay,'  which  ends  in  a  sound 
rising  from  deep  in  the  chest,  but  shrill 
like  the  note  of  a  fife.    After  stagger- 
ing to  the  pile  of  ore,  they  emptied  the 
'curpacho';  in  two  or  three  seconds 
recovering  their  breath,  they  wiped 
the  sweat  from  their  brows,  and,  apjja- 
rently  quite  refreshed,  descended  the 
mine  again  at  a  quick  pace.   This  ap- 
pears to  me  a  wonderful  instance  of 
the  amount  of  labour  which  habit,  for 
it  can  be  nothing  else,  will  enable  a 
man  to  endure."* 

The  amount  of  labour  is  indeed  won- 
derful, but  there  can  be  little  doubt 
that  it  is  excessive,  and  prejudicial  to 
the  health  of  the  miners.  Mr  Darwin, 
it  is  true,  says  they  are  healthy,  and 
apparently  cheerful;  but  he  leaves  us 
without  any  data  to  determine  how 
long  such  work  can  be  supported  with- 
out the  system  giving  way.    That  it 
does  suffer,  appears  from  what  he  says 
in  another  passage,  when  speaking  of 
the  mines  of  Yaqull :  "  When  wc  ar- 
rived at  the  mine,  I  was  struck  by  the 
pale  appearance  of  many  of  the  men, 
and  inquired  from  Mr  Nixon  concern- 
ing their  condition,  "t    This  pallor, 

•  Darwin's  Journal  of  the  Voyage  of  the 

B.-.ngir,  p.  ?,iO. 

t  Op.  cit.,  1).  '2r,5. 
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in  conjunction  with  the  "  little  mus- 
cular development  of  their  bodies," 
shews  that  the  work  was  out  of  pro- 
portion to  the  strength  ;  and  we  have 
little  doubt  that  this  view  would  be 
borne  out  by  prolonged  observation  and 
correct  statistical  returns.*  It  is  well 
known  that  under  the  Spanish  rule 
the  labour  in  the  mines  proved  most 
fatal  to  the  Indians.  Excessive  toil 
prevents  the  due  nutrition  of  the  body 
even  when  the  food  is  of  the  most  nu- 
tritious sort ;  but  Avhen  hard  labour 
and  innutritious  food  are  combined, 
the  natural  and  inevitable  result  must 
be  imperfect  development  of  the  body. 
Hence,  in  France,  where  the  peasantry 
are  jjoorly  fed,  agricultural  labourers 
are  frequently  seen  with  arms  and  legs 


*  According  to  M.  Laisn6,  a  man  of  ave- 
rage weight  (65  kilogi-arames,  or  14  3  lb. 
avoirdupois)  will  carry  in  a  perpendicular 
direction  a  load  equal  to  his  own  weight  at 
the  rate  of  94-5  inches  in  the  minute,  during 
six  hours  as  an  average  day's  work  (Annales 
d'Myfficne,  April  1S49,  p.  313).  He  would 
thus  raise  143  lb.  2832  feet  in  a  day,  or 
bring  ICS 7  lb.  from  a  depth  of  80  yards — 
being  about  a  third  less  work  than  that 
done  by  the  Chilian  miner.  If  we  rightly 
undei-stand  the  extracts  from  Mr  JIayliew's 
letters  in  the  Morning  Chronicle,  given  by 
Dr  Carpenter  in  the  appendix  to  his  Essay 
on  Alcoholic  Liquors  (p.  278),  it  would  ap- 
pear that  the  coal-heavers  on  the  Thames 
are  capable  of  raising  far  greater  weights 
than  even  those  mentioned  by  Mr  Darwin. 
The  sack  of  coals,  it  is  stated,  weighs  238  lb., 
and  is  carried  up  from  the  ship's  hold  by  a 
ladder  16  feet  high.  One  man  says, — "  I 
have  hacked  as  many  as  sixty  tons  in  a  day 
since  I  took  the  pledge,  and  have  done  it 
without  any  intoxicating  drink  with  perfect 
ease  to  myself,  and  walked  five  miles  to  a 
temperance  meeting  afterwards."  If  this 
implies  that  the  man  carried  60  tons  of  coals 
up  16  feet  of  perpendicular  height  in  the 
course  of  a  day,  it  far  sui-passes  the  work 
done  by  the  Chilian  miner,  which  is  equiva- 
lent to  16  tons  raised  16  feet.  !M.  LaisnS's 
case  would  give  llj  tons  raised  16  feet. 
There  must,  however,  be  some  mistake. 
Sixty  tons  contain  564  sacks  of  238  lb. 
each,  and,  supposing  the  man  to  work  12 
hours  a-day,  he  would  have  only  about  1} 
minute  to  get  the  sack  placed  on  his  shoul- 
ders, to  carry  it  up  the  ladder,  to  lay  it 
down  and  return — an  amount  of  dispatch 
which  appears  impossible. 


remarkable  for  tenuity.*  That  this 
j)Oor  muscular  development  is  entirely 
due  to  the  want  of  a  just  proportion 
between  the  food  supplied  and  the 
work  performed,  appears  from  the 
fact  that  when  the  French  peasant 
joins  the  army  and  receives  a  more 
nourishing  diet,  his  muscular  system 
becomes  much  more  developed ;  while 
the  state  of  attenuation  returns  when 
he  leaves  the  ranks  and  resumes  his  j 
former  hard  work  and  poor  fare. 
During  the  construction  of  the  French  | 
railroads  it  was  observed  that  the 
well-fed  English  labourers  performed 
twice  the  amount  of  work  done  by 
their  French  companions — till  the 
latter,  by  increasing  the  nutritive 
quality  of  their  diet,  greatly  added  to 
their  working  powers,  f  Excessive 
labour,  therefore,  cannot  fail  to  prove 
detrimental  to  the  well-being  of  the 
organism,  although  life  may  bear  up 
against  it  for  a  considerable  time. 
That  it  is  totally  at  variance  with  the 
dictates  of  physiology  is  shewn  by  the 
regularity  with  which  in  nature  we 
find  the  instrument  proportioned  to 
the  work  it  has  to  perform.  Thus  in 
birds,  the  pectoral  muscles,  which  fre- 
quently keep  the  wings  in  unremitting 
motion  for  many  hours  in  succession, 
arc  large  and  massy,  while  those  which 
move  the  legs  are  comparatively  small. 

From  this  exjiosition  of  the  effects 
of  exercise  in  its  different  stages,  it 
becomes  easy  to  deduce  rules  appli- 
cable to  all,  for  promoting  the  healthy 
development  of  the  muscular  system, 
and  to  trace  the  errors  by  which  indo- 
lent people  are  accustomed  to  main- 
tain that  exercise  is  hurtful  to  their, 
constitutions.  The  second  stage  of  ex- 
ercise, or  that  in  which,  hy  its  frequency, 
moderation,  and  regularity,  nutrition 
and  vigotcr  are  preserved  at  their  highest 
2ntch,  is  of  course  to  he  aimed  at ;  but 
the  quantity  of  exercise  which  corre- 
sponds to  it,  must  vary  according  to 

*  De  rinfluence  Comparative  du  Regime 
Animal,  par  E.  Marchand,  p.  193.  Paris, 
1849. 

t  Annales  d'Hygiene  Publique,  January 
1851,  p.  80. 
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the  constitution  and  previous  habits 
of  the  individual,  as  is  well  exempli- 
fied in  training  for  pedestrian  feats, 
for  the  ring,  and  for  racing.  The  as- 
sertion made  by  many,  that  exercise  hurts 
them,  arises  entirely  from  overlooking 
this  circumstance. 

A  person,  accustomed  to  daily  acti- 
vity, will  feel  invigorated  by  a  walk 
of  four  or  five  miles  in  the  open  air, 
whereas  the  same  distance  will  weaken 
another  who  has  not  been  in  the  habit 
of  walking  at  all.    But,  instead  of  in- 
ferring from  this,  as  is  often  done,  that 
exercise  in  the  open  air  is  positively 
hurtful  to  the  latter,  reason  and  expe- 
rience coincide  in  telling  us,  that  he 
has  erred  only  in  over-tasking  the 
powers  of  his  system,  and  that  to  ac- 
quire strength  and  activity,  he  ought 
to  have  begun  with  one  mile,  and  to 
have  gradually  extended  his  walk  in 
proportion  as  the  muscles  became  in- 
vigorated by  the  increased  nutrition 
consequent  on  well  regulated  exercise. 
A  person  recovering  from  fever  begins 
by  walking  across  his  room  perhaps 
ten  times  in  a  day,  and  gradually  ex- 
tends to  twenty  or  thirty  times,  till  he 
gains  strength  to  go  into  the  open  air. 
On  going  out,  a  walk  of  ten  minutes 
proves  sufficient  for  him  at  first ;  but 
by  degrees  his  strength  and  flesh  in- 
crease, and  his  exercise  is  prolonged 
till  he  arrives  at  his  usual  standard. 
Such  is  the  order  of  Nature  ;  but  many 
sedentary  people  have  no  patience  for 
i  such  slow  progress.    When  urged  to 
I  take  exercise,  they  grudge  the  trouble 
I  of  going  out  for  a  short  time,  and 
I  think  that,  if  a  walk  of  half  a  mile 
!  does  them  good,  one  of  a  whole  mile 
I  will  do  more  ;  and  when  they  sufl'er 
i  from  the  error,  they  shelter' their  ig- 
'  norance  under  the  general  assumption 
that  exercise  does  not  agree  with  them! 
And  the  same  persons  who  argue  thus 
would  think  themselves  entitled  to 
laugh  at  the  Irishman,  who,  finding 
himself  relieved  by  five  pills  taken  at 
night,  inferred  that  he  would  neces- 
sarily be  cured  if  he  took  the  whole 
'  boxful  at  once,  and  on  doing  so  nar- 
rowly escaped  with  his  life, 
i      From  these  principles  it  follows, 
first,  that,  to  be  beneficial,  exercise 


should  always  be  proportioned  to  the 
strength  and  constitution,  and  not 
carried  beyond  the  point,  easily  dis- 
coverable by  experience,  at  which 
waste  begins  to  exceed  nutrition,  and 
exhaustion  to  take  the  place  of 
strength ;  secondly,  that  it  should  be 
regularly  resumed  after  a  sufficient 
interval  of  rest,  in  order  to  ensure 
the  permanence  of  the  healthy  impulse 
given  to  the  vital  powers  of  the  mus- 
cular system  ;  and,  lastly,  that  it  is  of 
the  utmost  consequence  to  join  with  it 
a  mental  and  nervous  stimulus.  Those 
who  go  out  only  once  in  four  or  five 
days,  are  always  at  work,  but  never 
advancing  :  for  the  increased  action 
induced  by  the  previous  exercise,  has 
fully  subsided  long  before  the  suc- 
ceeding effort  is  begun  ;  and,  so  far  as 
increased  nutrition,  strength,  and  ap- 
titude for  exertion  are  concerned,  no 
progress  whatever  is  made. 

Prom  the  influence  which  muscular 
activity  exercises  upon  the  general 
circulation,  and  also  in  increasing 
the  waste  from  the  system,  it  is  evi- 
dent that  the  sui)ply  of  nourishment 
ought  at  all  ages  to  hold  a  direct  rela- 
tion to  the  activity  of  the  mode  of  life, 
particularly  in  youth,  when  fresh 
materials  are  required  for  growth,  as 
well  as  to  repair  the  waste  caused  by 
exercise.  In  strict  conformity  with 
this  principle,  the  first  effect  of  exer- 
cise, if  properly  regulated,  is  always 
to  increase  the  appetite  ;  and  hence  in 
youth  a  quantity  of  food  is  both 
required  and  digested,  which,  at  a 
more  inactive  period  of  life,  would 
speedily  oppress  the  system  and  dis- 
order the  health.  If  this  full  supply 
of  nourishment  be  denied,  the  deve- 
lopment of  the  bodily  organs  often 
receives  a  check  which  no  subsequent 
treatment  can  remedy,  and  a  founda- 
tion  is  laid  for  diseases  of  debility 
wliich  afterwards  embitter  and  endan- 
ger life.  From  pretty  extensive  in- 
quiry, I  am  satisfied  that  in  boarding- 
schools,  especially  for  females,  this 
important  principle  is  occasionally 
disregarded;  while  the  conductors 
are  without  the  least  suspicion  of  the 
evil  they  are  producing,  and  even 
take  credit  to  themselves  for  checking 
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sensual  appetites,  and  promoting  tem- 
perance in  eating  as  well  as  in  drink- 
ing. They  forget,  or  are  ignorant, 
t'jat  the  chemical  changes  which  the 
tissues  of  the  hody  undergo  for  the 
support  of  vitality,  are  much  greater 
in  youtli  than  in  maturity,  and  tliat, 
consequently,  a  greater  allowance  of 
food  is  necessary  in  the  former  case 
than  in  the  latter  for  the  support 
of  an  equal  weight  of  body.  If  we 
take  the  amount  of  carbonic  acid  given 
off  by  the  lungs  as  a  standard  by  which 
to  judge  of  tli3  amount  of  fwd  re- 
quired, we  find,  from  tlie  calculations 
of  Valentin,  founded  on  the  experi- 
ments of  Andral  and  Gavarret,  that 
for  equal  weights  of  body  it  ought  to 
be  one-tliird  more  between  the  ages  of 
eight  and  fifteen  than  between  thirty 
and  forty H.  Nasse,  too,  calculates 
that  a  boy  of  six  consumes,  welglit  for 
weight,  about  one-third  more  than  a 
male  adult,  and  one-half  more  than  a 
woman. t  Conductors  of  boarding- 
schools  should  also  remember  that  it 
is  during. the  period  of  rapid  growth 
that  health  most  readily  suffers  from 
disregard  of  the  physiological  laws, 
and  that  if  the  diet  be  then  insuffi- 
cient, the  blood  speedily  becomes  im- 
poverished. The  ill-nourished  muscles 
consequently  become  weak  and  atte- 
nuated, and  their  irritability  or  power 
of  responding  to  a  stimulus  is  dimi- 
nished. Hence  their  contractile  power 
is  readily  exhausted,  and  thoy  yield 
much  sooner  to  the  effects  of  a  con- 
tinued strain.  Herein  lies  one  of  the 
chief  causes  of  spinal  deformity. 
Youth,  therefore,  requires  the  best 
and  most  nutritious  food,  and  such 
ought  regularly  to  be  provided.  The 
infringement  of  this  condition  entails 
much  misery  upon  our  young  manu- 
facturing population.  "Wasted  by  ex- 
cessive labour,  long  confinement,  and 
miserable  diet,  the  muscular  system  is 
stinted  in  growth  and  weakened  in 
structure  ;  and  the  blood,  impoverished 
by  insufficiency  of  nourishing  food 
and  by  a  vitiated  atmosphere,  is  no 

*  Lehrbuch,  vol.  i.,  p.  5S3. 
t  AVagner's  Handwcirterbuch  der  Physio- 
logie,  vol.  iv.,  p.  ]  02. 


longer  capable  of  repairing  the  w  aste 
consequent  upon  exercise,  or  of  afford- 
ing a  healthy  stimulus  to  the  vessels 
and  nerves  which  animate  the  muscles. 
Languor,  debility,  and  exhaustion  of 
mind,  necessarily  follow  ;  and  the  indi- 
vidual is  left  susceptible  of  no  stimu- 
lus but  that  of  ardent  spirits  or  of 
excited  and  reckless  passion.  In 
health,  consequently,  activity  and  ap- 
petite are  generally  proportioned  to 
each  other,  and  those  suffer  most  who 
attempt  to  combine  the  pleasures  of 
appetite  with  bodily  indolence. 

The  next  subject  for  consideration 
is  the  times  at  which  exercise  should  he 
taken.  Those  who  are  in  perfect  health 
may  engage  in  exercise  at  almost  any 
hour,  except  immediately  after  a  full 
meal ;  but  those  who  are  not  robust, 
ought  to  confine  themselves  within 
narrower  limits.  To  a  person  in  full 
vigour,  a  good  walk  in  the  country 
before  breakfast  may  be  highly  bene- 
ficial and  exhilarating;  while  to  most 
invalids  and  delicate  persons,  it  will 
prove  more  detrimental  than  useful, 
and  will  induce  a  sense  of  weariness 
which  will  spoil  the  pleasure  of  the 
whole  day.  To  some,  however,  who 
have  no  appetite  on  rising,  a  short 
walk  in  the  open  air  before  breakfast 
proves  very  beneficial.  All  that  is 
required  is,  that  we  should  not  pre- 
scribe morning  exercise  indiscrimi- 
natcly,  but  only  in  the  class  of  cases 
for  which  it  is  adapted.  From  losing 
sight  of  this  precaution,  many  per- 
sons, deceived  by  the  current  poetical 
praises  of  the  freshness  of  morning, 
hurt  themselves  in  summer  by  seeking 
health  in  untimely  promenades. 

In  order  to  j^rove  beneficial,  exer- 
cise must  be  resorted  to  only  when  the 
system  is  sufficiently  vigorous  to  be 
able  to  meet  it.  In  delicate  constitu- 
tions, this  is  the  case  at  the  end  of 
from  two  to  four  hours  after  a  mode- 
rate meal,  and  consequently  the  fore- 
noon is  the  best  time  for  them.  If 
exercise  be  delayed  till  some  degree  of 
exhaustion  from  the  want  of  food  has 
occurred,  it  speedily  dissipates  in.stead 
of  increasing  the  strength  which  re- 
mains, and  impairs  rather  than  pro- 
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mote*  (li<^:ostion.  The  result  is  quite 
natural ;  for  exercise  of  every  kind 
causes  increased  action  and  waste  in 
the  organ,  and  if  there  be  not  mate- 
rials and  vigour  enouj^h  in  the  general 
system  to  keep  up  that  action  and 
sup})ly  the  waste,  nothing  but  increased 
debility  can  reasonably  be  expected. 

For  the  same  reason,  exercise  imme- 
iliatehj  hcforn  incah,  unless  of  a  very 
g(Mitle  di'scription,  is  injurious,  and  an 
interval  of  rest  ought  always  to  inter- 
vene. Muscular  action  causes  an  afflux 
of  blood  and  nervous  energy  to  the 
surface  and  extremities,  and  if  food 
bo  swallowed  whenever  the  activity 
ceases,  and  before  time  has  been 
allowed  for  a  diiferent  distribution  of 
the  vital  powers  to  take  place,  the 
stomach  is  taken  at  disadvantage,  and 
from  want  of  the  necessary  action  in 
its  vessels  and  nerves,  is  unable  to 
carry  on  digestion  with  success.  This 
is  very  obviously  the  case  where  the 
exorcise  has  been  severe  or  protracted, 
and  the  consequence  is  so  well  known, 
that  it  is  an  invariable  rule  in  the 
management  of  horses,  never  to  feed 
them  immediately  after  work,  but 
always  to  allow  them  an  interval  of 
rest  proportioned  to  the  previous 
labour.  "  Eat  not,  '  therefore,  "  until 
you  be  fully  reduced  to  that  temper 
and  moderate  heat  as  when  you  began, 
and  wlien  the  S2)irits  are  retired  to 
their  proper  stations."*  E^en  in- 
stinct would  lead  to  tliis  conduct,  for 
appetite  revives  after  repose. 

Active  exercise  ought  to  be  equally 
avoided  immediately  after  a  heavy 
meal.  In  such  circumstances,  the 
functions  of  the  digestive  organs  are 
in  the  highest  state  of  activity ;  and 
if  the  muscular  system  be  then  called 
into  considerable  action,  the  with- 
drawal of  the  vital  stimuli  of  the 
blood  and  nervous  influence  from  the 
stomuch  to  the  extremities,  is  suflicient 
almost  to  stop  the  digestive  process. 
This  is  no  supposition,  but  demon- 
strated fact;  and,  accordingly,  there 
is  a  natural  and  marked  aversion  to 
active  pursuits  after  a  full  meal.  In 
a  dog  which  had  hunted  for  an  hour 

•  Maynwaringe,  p.  14. 


or  two  tlirectly  after  eating,  digestion 
was  found  on  dissection  to  have 
scarcely  begun  ;  while  in  another  dog, 
fed  at  the  same  time,  and  left  at  home, 
digestion  vvas  nearly  completed. 

A  mere  stroll  which  requires  no 
exertion,  and  does  not  fatigue,  will 
not  be  injurious  before  or  after  eat- 
ing, but,  on  the  contrary,  may  under 
certain  circumstances  be  boneticial,  as 
tending  to  break  an  engrossing  train 
of  thought  which  would  have  proved 
detrimental  to  digestion.  Beyond  this 
limit,  however,  exercise  is  at  such 
times  hurtful.  All,  therefore,  whose 
object  is  to  improve  or  preserve  health, 
and  whose  occupations  are  in  their 
own  pov«er,  should  arrange  these  so  as 
to  observe  faithfully  this  important  i 
law,  for  they  Mill  otherwise  deprive  j 
themselves  of  most  of  the  benefits  i 
resulting  from  exercise.  j 

When  we  know  that  we  shall  be 
forced  jto  exertion  soon  after  eating, 
we  ought  to  make  a  very  moderate 
meal,  in  order  to  avoid  setting  the 
stomach  and  muscles  at  variance  with 
each  other,  and  exciting  feverish  dis- 
turbance. In  travelling  by  a  stage- 
coach or  raihvay,  wliere  little  repose 
is  allowed,  this  precaution  is  inva- 
luable, if  we  eat  heartily  as  appetite 
suggests,  and  then  enter  the  coach, 
restlessness,  flushing,  and  fatigue,  are 
inevitable;  whereas,  by  eating  spar- 
ingly, the  journey  may  be  continued 
for  two  or  three  days  and  nights,  with 
less  weariness  than  is  felt  during  one- 
fourth  of  the  time  under  full  feeding. 
1  observed  this  when  travelling  as  an 
invalid  on  rather  low  diet,  and  was 
surprised  to  find  myself  less  fatigued 
at  the  end  of  seventy-two  hours,  than 
I  had  previously  been  when  in  liealth 
and  living  fully,  after  half  such  a 
journey  ;  and  I  have  heard  the  same 
remark  made  by  others,  also  from 
experience.  In  such  cases,  however, 
the  confined  air  of  the  carriage,  by 
checking  the  insensible  action  of  the 
skin  and  impeding  t!ie  aeration  of  the 
blood,'"  must  influence  digestion,  and 
is  thus  not  witliout  effect  in  producing 
the  unpleasant  results  ;  accordingly, 

*  See  chapter  xi.  of  the  present  work. 
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we  find  that  travellers  in  an  open  car- 
riage do  not  suffer  the  same  amount  of 
inconvenience  from  a  hasty  meal.  But 
for  full  information  on  this  and  other 
practical  questions  connected  with  diet 
and  digestion,  I  must  refer  the  reader 
to  my  separate  work,  in  which  they 
are  discussed  in  detail.* 

It  is  the  custom  in  many  families 
and  schools,  apparently  for  the  pur- 
pose of  saving  time,  to  take  young 
people  out  to  walk  about  the  clo.se  of 
the  day,  because  there  is  not  light 
enough  to  do  any  thing  in  the  house. 
Nothing  can  be  more  injudicious  than 
this  plan — for,  in  the  first  place,  exer- 
cise once  a-day  is  very  insufficient  for  the 
young,  and  even  supposing  that  it  were 
enough,  the  air  is  then  more  loaded 
with  moisture,  colder,  and  propor- 
tionally more  unhealthy,  than  at  any 
other  time  ;  and,  secondly,  the  absence 
of  the  beneficial  stimulus  of  the  solar 
light,  diminishes  not  a  little  its  invi- 
gorating influence.  Consequently,  for 
those  who  are  so  little  out  of  doors  as 
the  inmates  of  boarding-schools  and 
children  living  in  towns,  and  who  are 
all  at  the  period  of  growth,  the  very 
lest  times  of  the  day  should  be  chosen  for 
exercise,  particularly  as  in-door  occupa- 
tions are,  after  nightfiill,  more  in  ac- 
cordance with  the  order  of  nature. 
In  large  cities  it  is  desirable  that  the 
walk  should  be  taken  towards  the 
quarter  whence  the  wind  is  blowing, 
so  as  to  escape  as  much  as  possible  the 
smoke  of  the  town,  which  corrupts  tlie 
air,  and  proves  irritating  to  delicate 
lungs.  It  is  principally  on  account 
of  the  smoke  that  many  individuals 
with  delicate  chests,  wlio  enjoy  good 
health  in  the  country,  cannot  remain 
in  a  large  town  without  suffering  from 
bronchitic  attacks;  and  as  it  is  gene- 
rally towards  the  close  of  the  day  that 
the  cloud  of  smoke  hangs  most  densely 
over  the  city,  walking  at  this  time 
should  be  studiously  avoided  by  all 
who  are  liable  to  pulmonary  attacks. 
Invalids  should  choose  their  residence 
at  that  end  of  the  town  which  is  first 
reached  by  the  prevailing  winds,  so  as 

*  The  Physiology  of  Digestion,  &c.,  9  th 
edit.,  chapters  viii.  to  xiii. 


to  enjoy  the  greatest  amount  of  pure 
air.  The  prevalence  of  west  winds  in 
Britain  is  doubtless  the  chief  reason 
why  the  west-end  has  become  the 
fashionable  quarter  of  cities. 

By  devoting  part  of  the  forenoon  to 
exercise,  another  obvious  advantage  is 
gained.    If  the  weather  prove  unfa- 
vourable at  an  early  hour,  it  may 
clear  up  in  time  to  admit  of  going  out 
later  in  the  day  ;  whereas,  if  the  after- 
noon alone  be  allotted  to  exercise,  and 
the  weather  then  prove  bad,  the  day 
is  altogether  lost.    In  winter,  indeed, 
it  is  not  unusual  for  girls  to  be  thus 
confined   from    Sunday  to  Sunday, 
simply  because  the  weather  is  rainy  at 
the  regular  hour  of  going  out.  When 
the  muscular  system  is  duly  exercised 
in  the  open  air  early  in  the  day,  the 
power  of  mental  application  is  consi- 
derably increased;  while,  by  delaying 
till  late,  the  efficiency  of  the  whole 
previous  mental  labour  is  diminished 
by  the  restless  craving  for  motion 
which  is  evinced  by  young  people,  and 
which,  when  unsatisfied,  distracts  at- 
tention, and  leads  to  idleness  in  school. 
It  would  be  well  to  copy  in  this  re- 
spect the  practice  adopted  in  the  in- 
fant schools,  where  the  children  are 
turned  out  to  play  for  a' few  minutes, 
as  soon  as  the  wandering  of  mind  and  ' 
restlessness  of  body  indicate  that  the 
one  has  been  too  much  and  the  other 
too  little  exerted.    After  such  an  in- 
terval, work  again  goes  briskly  on, 
and  every  one  is  alive.     For  these 
reasons  I  cannot  too  strongly  condemn 
the  .system  still  pursued  even  in  our  | 
best  schools,  of  confining  the  young  j 
during  the  whole  day  at  lessons,  or  j 
preparations  for  lessons,  with  the  ex-  ! 
ception  of  only  one  hour,  or  an  hour 
and  a  half,  of  intermission.    I  am  ac-  , 
quainted  with  an  excellent  and  very 
large  school  of  this  kind  where  the  j 
boys  are  allowed  only  an  hour  and  a 
half  for  play,  and  in  this  the  dinner  j 
time  is  included  !    By  way  of  making  ! 
the  most  of  every  moment,  the  boys  [ 
are  led  out  to  play  at  foot-ball  the  in-  i 
stant  dinner  is  swallowed.    This  is 
well  meant,  as  is  proved  by  the  mas- 
ters sharing  in  the  play  ;  but  a  more  I 
I  irrational  method  could  not  be  devised. 
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Three  hours  at  least  ought  to  be  spent 
in  the  open  air  daily,  and  five  hours 
would  be  still  better — ^joined,  of  course, 
to  useful  occupation. 

The  di  fferent  kinds  of  exercise  fall  now 
to  be  considered.  The  object  being  to 
employ  all  the  muscles  of  the  body, 
exercise  should  be  often  A'aried,  and 
always  adaj^ted  to  the  peculiarities 
of  individuals.  .Speaking  generally, 
tvalkin'j  agrees  well  with  every  body  ; 
but  as  it  brings  into  play  chiefly  the 
lower  limbs  and  the  muscles  of  the 
loins,  and  affords  little  scope  for  the 
play  of  the  arms  and  muscles  of  the 
chest,  it  is  insufficient  of  itself  to  con- 
stitute adequate  exercise.  Hence  the 
advantage  of  combining  with  it  move- 
ments performed  by  the  upper  half  of 
the  body,  as  in  rowing  a  boat,  fencing, 
shuttlecock,  and  many  other  useful 
sports.  Such  exercises  have  the  addi- 
tional advantage  of  animating  the 
mind,  and,  by  increasing  the  nervous 
stimulus,  making  exertion  easy,  plea- 
sant, and  invigorating.  Nature,  in- 
deed, has  shewn  her  intention  that  the 
upper  part  of  the  body  should  always 
partake  in  the  exercise  of  the  lower, 
by  rendering  it  impossible  for  us  even 
to  walk  gracefully  without  the  arms 
keeping  time,  as  it  were,  with  the 
movements  of  the  legs. 

Active  play,  running,  leap-frog, 
foot-ball,  cricket,  gardening,  and  pe- 
destrian, botanical,  and  geological  ex- 
cursions, combine  in  their  results  all 
the  advantacces  wliich  well-conducted 
exercise  is  capable  of  yielding  ;  and 
the  last  are  much  resorted  to  in  the 
German  seminaries,  for  the  purpose  of 
developing  the  mental  and  bodily 
powers.  On  the  Continent  generally, 
more  attention  is  paid  to  physical 
health  and  development  in  the  educa- 
tion of  the  young  than  with  us ;  and 
in  many  institutions  a  regular  system 
of  useful  manual  occupation  is  substi- 
tuted for  mere  play,  and  with  decided 
advantage.  For  not  only  is  the  phy- 
sical organism  thereby  .';trengthened 
and  developed,  but  the  mental  energy 
and  dignity  of  character  are  increased, 
and  the  mind  beco7nes  better  fitted  for 
independent  action.    Among  the  an- 


cients the  training  and  invigoration  of 
the  body  formed  a  leading  oJjject  in 
education  ;  but  physical  strength  hav- 
ing become  of  less  importance  in  war 
since  the  invention  of  gunpowder,  the 
moderns  have  too  generally  restricted 
their  attention  to  the  direct  improve- 
ment of  the  mind. 

In  summer,  walking  excursions  to 
Wales  and  the  Highlands  of  Scotland 
are  common  among  the  youth  of  our 
cities,  and  when  proportioned  in  ex- 
tent to  the  constitution  and  previous 
habits  of  the  individual,  nothing  can 
be  more  advantageous  and  delightful. 
But   not  a  season  passes  in  which 
health  is  not  sacrificed  and  life  lost  by 
young   men   imprudently  exceeding 
their  natural  powers,  and  undertaking 
journeys  for  which  they  are  totally  un- 
fit.   It  is  no  unusual  thing  for  youths, 
still  weak  from  rapid  growth,  and  per- 
haps accustomed  to  the  desk,  to  set  out 
in  high  spirits  at  the  rate  of  twenty- 
five  or  thirty  miles  a-day,  on  a  walk- 
ing  excursion,  and  (from  carrying 
exercise,  for  days  in  succession,  to  the 
third  degree,  or  that  in  which  ivastc 
exceeds  nutrition)  to  come  home  so  much 
worn  out  and  debilitated  that  they 
never  recover.    A  like  fate  often  be- 
falls students  of  the  natural  sciences, 
as  a  result  of  the  annual  geological  or 
botanical   tour.      Tlie    pi-ofessor  or 
teacher,  himself  probably  of  robust 
frame,  and  able  from  constitutional 
aptitude  or  training  to  undergo  much 
fatigue,  too  often  regulates  the  day's 
work  more  in  accordance   with  his 
own  wishes  and  capabilities  tlian  with 
the  strength  of  his  companions,  forget- 
ful that  the  amount  of  exercise  which 
he  can  undergo  with  benefit  may  prove 
permanently  injurious  to  thoir  imma- 
ture constitutions.    Chossat"s  experi- 
ments have  demonstrated  that  the  che- 
mical changes  of  destructive  assimila- 
tion (as  Dr  Prout  has  termed  the  con- 
version of  the  animal  tissues  into  the 
various  excretions)  go  on  much  more 
rapidly  in  young  than  in  adult  ani- 
mals.   Hence  the  former,  if  exposed 
to  starvation,  and,  wo  may  analogically 
suppose,  to  hard  work,  are  much  sooner 
reduced  than  the  latter.    Thus,  young 
turtle-doves  were  found  by  Chossat  to 
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die  after  3'07  davs'  stai-vatioii,  losinEf 
daily  '081,  or  nearly  l-l:itli,  of  their 
original  ■weight  ;  while  the  mature 
i  birds  supported  life  during  13-36  days' 
I  starvation,  losing  daily  only  -035,  or 
about  l-28th,  of  their  original  weight. 
All  vital  action  is  dependent  on  a  due 
supply  of  blood,  and  the  amount  of 
work  which  the  muscles  are  capable  of 
performing  is  therefore  dependent  ou 
the  quantity  and  quality  of  the  blood 
supplied  to  them.  A  strong  man  is 
speedily  reduced  to  weakness  by  a 
copious  bleeding ;  and  chemical  exa- 
mination shews  that  the  blood  in  youth 
and  in  females  is  more  watery  than 
thi\t  of  a  male  adult,  and  approaches 
in  constitution  to  that  of  a  man  who 
has  been  largely  bled.  Experience,  ac- 
cordingly, proves  that  adults  may  lose 
comparatively  much  more  blood  than 
growing  youths  without  suffering  per- 
manent injury,  because  not  only  are 
the  solid  materials  of  their  blood  more 
abundant,  but  its  fibrin,  on  which  the 
nutrition  of  the  muscles  eminently  de- 
pends, is  in  them  firmer  and  denser, 
and  offers  greater  resistance  to  the  de- 
composing effects  of  chemical  agents, 
such  as  oxygen. 

These  facts  serve  to  explain  why 
young  soldiers,  whose  growth  is 
scarcely  finished,  die  in  great  numbers 
when  exposed  to  long  and  heavy 
marches,  particularly  when  food  is  at 
the  same  time  scanty.  Violent  exer- 
cise is  not  less  pernicious,  and,  as  Dr 
Johnson  well  remarks,  "  it  did  great 
harm  even  when  nations  \veremore  in 
a  state  of  nature  than  they  now  are. 
Galen,  in  his  discourse  on  Thrasybu- 
lus,  inveighs  ngainst  the  athletic  prac- 
tices of  the  gymnasium.  A  smart 
walk  of  a  mile  is  to  a  valetudinarian 
what  a  furious  wrestle  w-ould  be  to  an 
athletic.  If  we  trace  those  dreadful 
ancurismal  affections  of  the  heart  and 
arteries  in  early  life,  we  shall  find 
their  origins  ia  violent  exercise  or 
sudden  over-exertion,  in  nine  cases 
out  of  ten,  where  age  and  ossification 
are  not  concerned.''  *  liven  a  single 
day  of  excessive  fatigue  will  sometimes 

■»  Johnson  on  Derangement  of  the  Liver, 
&c.,  p.  129. 


suffice  to  interrupt  growth  and  produce 
permanent  bad  health  ;  and  1  know  one  ', 
instance  of  a  strong  young  man,  who  I 
brought  on  a  severe  illness  and  per-* 
inanent  debility,  by  sudden  return  to 
hard  exercise  for  a  single  day,  ul-  ' 
though,  some  years  before,  he  had  been  ] 
accustomed  to  every  species  of  muscu-  i 
lar  exertion  in  running,  leaping,  and  ; 
swimming.    Many  young  men  hurry 
on  the  premature  development  of  con- 
sumption by  excessive  fatigue  during 
the  shooting  season,  in  cases  where,  by 
prudent  management,  they  might  have 
escaped  it  for  years,  if  not  altogether. 
The  principle  already  laid  down,  of 
not  exceeding  the  point  at  which  exer- 
cise promoter  nutrition  and  increases 
ftrengih,  will  serve  as  a  safe  guide  on 
all  occasions,  and  indicate  the  rate  at 
which  it  may  be  extended.  Old  sports- 
men know  the  rule  by  experience,  and 
generally  prepare  tliemselves  for  the 
moors  by  several  weeks  of  previous 
training.    The  science  and  judgment 
which  fox-hunters  di^)lay  in  prepar- 
ing their  horses  for  exertions  in  cours- 
ing are  well  known,  and  might  be  still 
more  usefully  applied  by  their  riders 
to  the  training  of  their  own  families. 
The   whole    method   is   based  upon 
tolerably  sound  physiological  princi- 
ples.   "  The  very  best  food,"  says  a 
writer  evidently  familiar  witli  the  sub- 
ject— "that  which  contains  the  greatest 
quantity  of  nutriment  in  the  smallest 
space — -is  supplied  to  the  racer  with 
nn   unsparing  hand ;   '  Get  as  mucli  I 
into  him  as  possible  "  is  the  trainer's 
maxim,  and  inasmuch  as  the  horse  is 
thus  abundantly  supplied  with  the 
choicest  aliment,  his  exercise  mxift  be 
commensurate  in  a  correspondimj  de-  . 
grce,  or  disease  ivill  ensue  in  a  very  short 
time.    It  will  be  easily  perceived  that 
abundance  of  the  choicest  food  is  cal- 
culated to  increase  the  muscle  and  to 
produce  fat  also ;  the  former  being 
conducive  to  strength,  the  latter  to 
sluggishness.    The  animal  is  divested 
of  the  latter   by  exercise,  by  that 
exudation   called   perspiration  ;  he 
is  '  sweated  '  periodically,  is  thickly 
clad,  and  forced  to  continue  a  gallop 
perhaps  of  three  miles;  he  is  then 
1  stripped,  the  perspiration  scraped  off, 
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he  is  rubbed  dry  and  taken  home  ;  or 
in  other  words,  the  animal's  food  pro- 
duces fat,  his  exercise  sweats  it  a\vav  ; 
his  muscle  is  thus  rendered  hard,  large, 
and  clastic,  and  indeed  his  powers 
every  way  increased,  since  the  tendon 
and  even  the  bono  derive  the  most  es- 
sential benefit  from  the  system  under 
consideration.  Further,  as  the  horse 
is  fed  to  repletion,  as  nature  may  be 
said  to  be  overcharged,  the  trainer 
finds  it  requisite  to  have  recourse  to 
physic  and  bleeding  in  addition  to 
extraordinary  exercise  to  prevent  dis- 
ease.''-  Thus  the  racer  is  brought  to 
the  starting  point  in  a  state  of  perfec- 
tion as  regards  his  powers  of  speed 
and  endurance — his  tendon  as  large  as 
possible,  his  muscle  hard  and  developed 
to  the  utmost,  but  divested  of  fat ;  if 
any  fat  still  remain,  the  horse  cannot 
be  in  perfect  condition.'' f 

I  once  had  occasion  to  examine  care- 
fully two  young  gentlemen,  who,  dur- 
ing their  attendance  at  Cambridge, 
were  in  the  habit  of  using  very  violent 
and  continued  exertion  in  rowing.  In 
one  the  muscles  of  the  arm  and  upper 
part  of  the  chest  were  of  an  almost 
unnatural  size  and  hardness  from  ex- 
cess of  nutrition,  while  the  rest  of  the 
body  was  only  moderately  developed. 
In  the  other  there  was  no  such  dispro- 
portion, but  there  was  a  liability  to 
palpitations  and  severe  pain  in  the 
region  of  the  heart,  which,  he  said, 
were  first  brought  on  by  e.xcessive  ex- 
ertion. On  cautioning  him  against 
the  probable  consequences  of  continu- 
ing such  trials  of  strength  as  occurred 
during  their  frequent  boat-races,  he 
told  me,  that  in  looking  back  to  his 
own  companions  at  college,  he  could 

*  Tills  pr.ictice  of  "  overcharging  nature" 
cnnnotbe  accounted  sound  pliysiology  :  the 
trainer's  object  would  be  better  attained  by 
giving  less  food,  and  thus  rendering  the 
X)liysie  and  bleeding  unnecessary.  Tlie  re- 
moval of  the  fat,  moreover,  is  partially  clue 
to  the  increased  exlialation  from  the  lungs. 
The  fatty  matter  (which  is  contained  in 
larger  qnantity  in  venous  than  in  arterial 
blood)  combines  with  the  oxygen  of  the 
inhaled  air,  and  is  exhaled  as  water  and 
carbonic  acid. 

•f  Royal  Leamington  Spa  Chronicle,  Feb. 
28,  183!). 


name  several  dead  within  the  last  four 
years  whose  lives  were  distinctly  as- 
certained to  have  been  sacrificed  in 
this  way, — a  fact  strikingly  corrobo- 
rating Dr  Johnson's  testimony,  and 
which  certainly  ought  to  make  a  salu- 
tary impression  on  the  minds  of  those 
whO)  in  the  pursuit  of  pleasure,  rush 
so  thoughtlet-sly  into  danger. 

As  the  subject  is  one  of  much  prac- 
tical importance,  I  add  a  melancholy 
but  instructive  example,  with  which 
a  friend  has  furnished  me,  of  the  ope- 
ration of  the  principles  above  incul- 
cated. He  says — "A  young  gentle- 
man, whom  I  knew,  was  employed  as 
a  clerk  in  one  of  the  banks  in  Edin- 
burgh. He  was  closely  confined  to 
his  desk  during  the  summer,  and  to- 
wards the  end  of  July  had  become 
weak  and  emaciated  from  deficient 
exercise  in  the  open  air.  His  strengtli 
continued  to  decline  till  Friday  th(! 
12th  of  August,  when  he  went  to  shoot 
on  Falkirk  Moor.  On  Friday  and 
Saturday  he  was  much  fatigued  by  the 
excessive  and  unusual  exertion,  and  on 
Sunday  evening  was  feverish  and 
heated,  and  perspired  very  much  dur- 
ing the  night.  In  this  condition,  he 
rose  about  three  or  four  o'clock  on 
Monday  morning,  and  returned  to 
Edinburgh  on  the  top  of  a  coach. 
VVhen  he  reached  home  he  felt  very 
unwell,  but  went  to  the  bank.  At 
two  o'clock  he  became  so  sick  as  to  be 
unable  to  sit  at  his  desk.  He  was 
then  bled  by  a  medical  gentleman,  but 
without  much  effect ;  and  after  pass- 
ing three  months  in  a  feverish  and 
sleepless  condition,  he  died  in  the  be- 
ginning of  November.  He  was  pre- 
viously of  a  healthy  constitution."  It 
is  more  than  probable  that  this  young 
man  "  perished  for  lack  of  knowledge" 
of  the  structure  and  functions  of  the 
human  body. 

Riding  is  a  most  salubrious  exercise, 
and,  where  the  lungs  are  weak,  pos- 
sesses a  great  advantage  over  walking, 
as  it  does  not  hurry  the  breathing.  It 
calls  into  more  equal  play  all  the 
muscles  of  the  body,  and  at  the  same 
time  engages  the  mind  in  the  manage- 
ment of  the  animal,  and  exhilarates 
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by  the  free  contact  of  the  air  and 
more  rapid  change  of  scene.  Even  at 
a  walking  pace,  a  gentle  but  universal 
and  constant  action  of  the  muscles  is 
required  to  preserve  the  seat,  and 
adapt  the  rider's  position  to  the  move- 
ments of  the  horse;  and  this  kind  of 
muscular  action  is  extremely  favour- 
able to  the  proper  and  equal  circula- 
tion of  the  blood  through  the  extreme 
vessels,  and  to  the  prevention  of  its 
undue  accumulation  in  the  central 
organs.  The  gentleness  of  the  action 
admits  of  its  being  kept  up  without 
accelerating  respiration,  and  enables 
a  delicate  person  to  reap  the  combined 
advantages  of  the  open  air  and  proper 
exercise,  for  a  much  longer  period 
than  would  otherwise  be  possible. 

From  the  tendency  of  riding  to 
equalize  the  circulation,  stimulate  the 
skin,  and  promote  the  action  of  the 
bowels,  it  is  also  excellently  adajited 
as  an  exercise  for  dyspeptic  and  nerv- 
ous invalids. 

Dancinrj  is  a  cheerful  and  useful 
exercise,  but  has  the  disadvantage  of 
being  used  within  doors,  in  confined  air, 
and  often  in  dusty  rooms  and  at  most 
unseasonable  hours.  Practised  in  the 
open  air,  and  in  the  day-time,  as  is 
common  in  France,  dancing  is  cer- 
tainly an  invigorating  pastime  ;  but 
in  heated  rooms,  and  at  late  hours,  it 
is  the  reverse,  as  these  drawbacks  do 
more  harm  than  can  be  compensated 
by  the  healthful 'exercise  of  the  dance. 

Gymnastic  and  calisthenic  exercises 
have  been  in  vogue  for  some  years,  for 
the  purpose  of  jiromoting  muscular 
and  general  growth  and  strength,  but 
they  are  now  rather  sinking  in  public 
estimation ;  partly,  I  believe,  from 
irrationally  making  them  supersede, 
instead  of  aiding,  exercise  in  the  open 
air,  and  partly  from  overlooking  tlie 
necessity  of  adapting  the  kind  and 
extent  of  them  not  only  to  the  indivi- 
dual constitution,  but  to  the  natural 
structure  of  the  body — the  consequence 
of  which  has  been,  that  some  of  the 
more  weakly  pupils  have  been  injured 
by  exertions  beyond  their  strength, 
and  discredit  has  thus  been  broucht 


upon  the  system.  It  is  Certain,  in- 
deed, that  some  of  the  common  gym- 
nastic exercises  are  altogether  unna- 
tural and  at  variance  with  the  design 
of  the  bodily  organization  ;  and  that 
others  are  fit  only  for  robust  and 
healthy  boys,  and  not  at  all  for  im- 
proving those  who  are  delicately  con- 
stituted, and  who  stand  most  in  need 
of  a  well-planned  training.  It  is  im- 
possible to  enter  minutely  into  this 
subject  here;  but  the  best  course  we 
can  take  is  to  follow  the  footsteps  of 
Nature,  and,  befoi-e  adopting  any  exer- 
cise, to  consider  whether  it  is  in  har- 
mony with  the  mode  of  action  assigned 
by  the  Ci-eator  to  the  parts  which  are 
to  perform  it.  If  it  be  so,  we  may 
proceed  with  perfect  confidence  that 
it  will  not  only  improve  the  health, 
but  add  to  the  freedom,  elegance,  pi'e- 
cision,  and  strength  of  our  move- 
ments ;  whereas,  if  it  be  opposed  to 
the  obvious  intention  of  the  Creator, 
we  may  rest  assured  that  no  good  can 
accrue  from  it. 

If,  for  example,  we  examine  the 
various  attitudes  and  motions  of  the 
body  which  occur  in  fencing,  dancing, 
swimming,   shuttlecock-playing,  and 
some  of  the  better  class  of  gymnastic 
exercises,  we  find  that  they  arc  not 
less  graceful    and    beneficial  to  the 
young  who  engage  in  them,  than  pleas- 
ing to  those  by  whom  they  are  wit- 
nessed— just  because  they  are  in  per- 
fect harmony  with  nature,  or,  in  other 
words,  with  the  structure  and  mode  of 
action  of  the  joints,  ligaments,  and 
muscles  by  which  they  are  executed. 
But  it  is  far  otherwise  with  some  of 
the  anomalous  exercises  which  were  at 
one  time  so  fashionable,  and  which  are 
not  yet  extinct  in  schools  and  gymna- 
sia, and  seem  to  have  for  their  chief 
object  the  conversion  of  future  men 
and  women  into  foresters,  firemen,  or 
savages,  rather  than  into  beings  who 
are  to  continue  to  have  the  use  of 
stairs,  ladders,  carriages,  steam-boats, 
and  the  other  conveniencics  of  civilized 
life.    It  is,  no  doubt,  a  good  thing  for 
a  boy  to  be  able  to  climb  up  a  perpen- 
dicular pole  or  a  slippery  rope,  when 
no  other  means  present  themselves  of 
attaining  an  important  object  at  its 
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upper  end  ;  it  is  an  equally  good  thing 
for  a  young  lady  to  be  able  to  sustain 
her  own  weight  hanging  by  one  or 
both  hands,  when  there  is  no  possi- 
bility of  resting  her  feet  on  terra 
firma    and  where  boys  and  girls  are 
strong  enough  to  take  pleasure  in  such 
amusements,  there  is  no  great  reason 
to  hinder  them,  provided  they  are  im- 
pelled to  them  not  by  emulation  or 
any  secondary  motive  which  may  lead 
to  o^  er-exertion,  but  by  the  pure  love 
of  the  exercise  itself.    In  all  ordinary 
circumstances,  those   only  who  are 
vigorously  constituted  will  attempt 
them,  and,  if  left  to  themselves,  they 
will  be  sure  to  desist  before  any  harm 
can  be  done.    But  the  case  is  entirely 
altered  when  such  extraordinai-y  evo- 
lutions are  not  only  encouraged,  but 
taught  to  all  indiscriminately,  whe- 
ther they  be  strong  or  weak,  resolute 
or  timid.    We  have  only  to  reflect  for 
a  moment  on  the  structure  of  the 
shoulder-joint,  and' on  the  sphere  of 
action  of  the  muscles  surrounding  it, 
to  perceive  at  once  that  the  position 
of  the  one,  and  the  strain  upon  the 
other,  caused  by  the  exei'cises  alluded 
to,  are  so  forced  and  unnatural,  as  to 
exclude  the  notion  that  the  Creator 
can  have  intended  either  to  be  prac- 
tised except  upon  occasions  of  urgent 
necessity;  and  to  show  how  preposter- 
ous it  is,  therefore,  to  make  such  exer- 
cises a  subject  of  general  instruction. 
Nay,  the  very  violence  of  the  effort 
required  to  sustain  the  body  when 
hanging  by  the  hands,  is  far  beyond 
that  moderate  exertion  which  adds  to 
nutrition  and  to  strength  :  in  delicate 
subjects  it  may  even  induce  relaxation 
and  stretching  of  the  ligaments  and 
bloodvessels,  and  thus,  as  in  the  case 
of  the  young  men  at  Cambridge,  lay 
the  foundation  of  future  and  fatal  dis- 
ease.   The  same  remarks  apply  to  a 
common  practice  of  making  the  pupils 
slide  down  an  inclined  plane  resting 
on  the  hands  alone  ;  by  which  unna- 
tural effort  the  shoulders  are  pushed 
half-way  up  the  neck,  and  the  wrist, 
arms,  and  chest  are  severely  tried.  But 
in  these  and  other  similar  evolutions, 
we  need  only  look  at  the  dragging 
and  distortion  which  they  produce. 
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and  which  form  such  a  painful  con- 
trast to  the  ease  and  grace  of  all  natu- 
ral motions  and  attitudes,  to  perceive 
that  they  are  out  of  the  order  of  nature, 
and  that  neither  health  nor  elegance 
can  result  from  them. 

I  am  aware  that  tliese  exercises  are 
said  to  stretch  the  spine  and  to  remedy 
its  deformities;  but  it  would  be  quite 
as  sound  logic  to  maintain  that,  be- 
cause a  broken  leg  requires  to  be  tied 
up  with  splints  and  bandages,  the  best 
way  to  strengthen  a  sound  leg  must 
be  to  bandage  it  also,  as  to  infer  that, 
because  a  few  diseased  spines  require 
to  be  stretched,  all  healthy  spines  must 
also  derive  benefit  from  the  same  pro- 
cess,— although,  in  the  latter  case,  it  is 
obvious  to  reason  that  the  stretching 
will  be  much  likelier  to  put  the  bones 
out  of  their  places  than  to  fix  them 
more  firmly  in  those  which  they  al- 
ready occupy.  It  is  not  by  such  ex- 
travagant means  that  a  soldier-like 
carriage  is  obtained  in  the  army ;  and 
yet  there  the  uniformity  of  result — 
the  erect  and  steady  gait — is  scarcely 
less  remarkable  than  the  discordant 
materials,  and  variety  of  slouching 
and  awkward  attitudes,  out  of  which 
it  is  formed  by  perseverance  in  a  ra- 
tional system  of  drilling. 

In  the  selection  of  exercises  for  the 
young,  then,  we  should  not  be  misled 
by  a  vain  desire  of  surmounting  diffi- 
culties and  performing  feats,  at  the 
serious  risk  of  inducing  aneurism  or 
rupture ;  but  rather  endeavour  to 
strengthen  the  body  by  active  amuse- 
ments, which  shall  call  the  social  and 
moral  feelings  and  intellect  into  play 
at  the  same  time,  and  by  the  practice 
of  such  gymnastic  evolutions  only  as 
tend  to  improve  and  give  tone  to  the 
natural  action  of  the  muscles.  And 
in  endeavouring  to  attain  this  object, 
we  should  always  be  careful  to  avoid 
great  fatigue,  and  to  modify  the  kind, 
degree,  and  duration  of  the  exercise, 
so  as  to  produce  the  desired  results  of 
increased  nutrition  and  strength ;  re- 
membering that  the  point  at  which 
these  results  are  to  be  obtained  in  per- 
fection is  not  the  same  in  any  two  in- 
dividuals, and  can  be  discovered  only 
by  experience  and  careful  observation. 


i  126     FENCING,  DUMB-BELLS,  KECITATION,  AND  SINGING. 


i      For  giving  strength  to  the  chest, 
fencing  is  a  good  exeiclso  for  boys,  and 
wliat  is  called  the  club  exercise  for 
females ;  but  the  above  limit  ought 
never  to  be  exceeded,  as  it  often  is, 
I  by  measuring  the  length  of  a  lesson 
I  by  the  hour-hand  of  a  clock,  instead  of 
I  its  efl'ects  on  the  constitution.  Shutlle- 
I  cock,  as  an  exercise  which  calls  into 
I  play  the  muscles  of  the  chest,  trunk, 
and  arms,  is  also  very  beneficial,  and 
would  be  still  more  so  were  it  trans- 
ferred to  the  open  air.    After  a  little 
practice,  it  can  be  played  with  the  left 
as  easily  as  with  the  right  hand,  and 
it  is  therefore  very  useful  in  prevent- 
ing curvature  and  giving  vigour  to  the 
spine  in  females.    It  is  an  excellent 
I  plan  to  play  with  a  battledoor  in  each 
hand,  and  to  strike  with  them  alter- 
nately.   The  play  called  the  graces  is 
also  well  adapted  for  expanding  the 
chest,  and   giving   strength  to  the 
muscles  of  the  back,  and  has  the  ad- 
vantage of  being  practicable  in  the 
open  air. 

JJumb-hclls  are  less  in  repute  than 
they  were  a  few  years  ago ;  but  when 
they  arc  not  too  heavy,  and  the  va- 
rious movements  gone  through  are  not 
too  eccentric  or  difficult,  they  are  very 
useful.  They  do  harm  occasionally 
from  tlieir  weight  being  dispropor- 
tioned  to  the  weak  frames  which  use 
them;  in  which  case  they  pull  down 
the  shoulders  by  dint  of  mere  drag- 
ging. When  this  or  any  other  exer- 
cise is  resorted  to  in  the  house,  the 
windows  should  he  throv  n  open,  so  as 
to  make  the  nearest  possib.'  ••  approach 
to  the  external  air. 

Reading  aloud,  recitatioyi,  and  sing- 
ing, are  more  useful  and  invigorating 
muscular  exercises  than  is  generally 
imagined,  and  are  extremely  useful  in 
promoting  the  development  of  the 
lungs  and  chest,  at  least  when  managed 
with  due  regard  to  the  natural  powers 
of  the  individual,  so  as  to  avoid  effort 
and  fatigue.  They  all  require  the 
varied  activity  of  most  of  the  muscles 
of  the  trunk,  to  a  degree  of  which  few 
are  conscious  till  their  attention  is 
turned  to  it.  In  forming  and  modu- 
lating the  voice,  not  only  the  chest 


but  also  the  diaphragm  and  abdominal 
muscles  are  in  constant  action,  and 
communicate  to  the  stomach  and  bowels 
a  healthy  and  agreeable  stimulus  :  con- 
sequently, where  the  voice  is  raised 
and  elocution  rapid,  as  in  many  kinds 
of  public  speaking,  the  muscular  effort 
becomes  even  more  fatiguing  than  the 
mental,  especially  to  those  who  are  un- 
accustomed to  it;  and  hence  the  copious 
perspiration  and  bodily  exhaustion  of 
popular  orators  and  preachers.  When 
care  is  taken,  however,  not  to  carry 
reading  aloud  or  reciting  so  far  at  one 
time  as  to  excite  the  least  sensation  of 
soreness  or  fatigue  in  the  chest,  and 
when  the  exercise  is  duly  repeated, 
it  is  extremely   useful   in  develop- 
ing and  giving  tone  to  the  organs  of 
respiration,  and  to  the  general  sys- 
tem.   To  the  invigorating  effects  of 
this  kind  of  exercise,  the  celebrated 
and  lamented  Cuvier  was  in  the  Habit 
of  ascribing  his  own  escape  from  con- 
sumption, to  which,  at  the  time  of  his 
appointment  to  a  professorship,  it  was 
believed  he  would  otherwise  have  fal- 
len a  victim.    The  exercise  of  lectur- 
ing gradually  strengthened  his  lungs, 
and  improved  his  health  so  much  that 
he  was  never  afterwards  threatened 
with  any  serious  pulmonary  disease. 
But  of  course  this  happy  result  fol- 
lowed only  because  the  exertion  of 
lecturing  was  not  too  great  for  the 
Then  existing  condition  of  his  lungs. 
1  [ad  the  delicacy  of  which  he  com- 
plained been  farther  advanced,  the 
fatigue  of  lecturing  would  only  have 
accelerated  his  fate ;  and  this  must 
never  be  lost  sight  of  in  practically 
applying  the  rules  of  exercise. 

It  appears,  then,  from  the  foregoing 
remarks,  that  the  most  perfect  of  all 
exercises  are  those  sports  which  com- 
bine free  play  of  all  the  muscles  of  the 
body,  mental  excitement,  and  the  un- 
restrained use  of  the  voice ;  and  to 
such  sports,  accordingly,  are  the  young 
so  instinctively  addicted,  that  nothing 
but  the  strictest  vigilance  and  fear  of 
punishment  can  deter  them  from  en- 
gaging in  them  the  moment  the  re- 
straint of  school  is  at  an  end.  Many 
parents,  absorbed  in  their  own  pur- 
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suits,  forgetful  of  their  owu  former 
experience,  and  ignorant  that  such  are 
the  benevolent  dictates  of  Nature,  ab- 
hor these  wholesome  outpourings  of 
the  juvenile  voice,  and  lay  restrictions 
upon  their  children,  which,  by  pre- 
venting the  full  development  of  the 
lungs  and  muscles,  inflict  pei-manent 
injury  upon  them  in  the  very  point 
where  in  this  climate  parents  are  most 
anxious  to  protect  them.  Accordingly, 
we  find  that  what  are  called  wild  romp- 
ing boys  and  girls,  or  those  who  break 
tlirough  all  such  restrictions,  often 
turn  out  the  strongest  and  healthiest; 
while  those  "  good  children"  who  sub- 
mit are  generally  found  to  become 
more  delicate  as  they  grow  older. 

Enough,  I  trust,  has  been  said  to 
enable  any  rational  parent  or  teacher 
to  determine  the  fitness  of  the  difierent 
kinds  of  muscular  exercise,  and  to 
adapt  the  time,  manner,  and  degree  of 
each  to  every  individual  under  his 
care.  But,  before  taking  leave  of  the 
subject,  and  with  a  view  to  impress 
still  more  deeply  upon  the  mind  of  the 
reader  the  practical  importance  of  the 
principles  inculcated  in  tlie  present 
chapter,  I  shall  subjoin  a  case  which 
affords  an  extremely  apposite  illustra- 
tion of  almost  every  one  of  them.  The 
particulars  were  furnished  to  me  by  a 
young  friend  who  was  allowed  toper- 
use  the  manuscript  of  these  pages,  and 
who,  being  himself  the  subject  of  the 
case,  was  struck  with  the  perfect  ac- 
cordance between  his  own  experience 
and  the  doctrines  here  propounded. 
It  is  proper  to  keep  in  view,  that  at 
the  time  of  his  experiment  my  friend 
was  about  seventeen  years  of  age,  and 
growing  rapidly.  I  shall  use  nearly 
his  own  words. 

After  having  passed  the  winter 
closely  engaged  in  a  sedentary  pro- 
fession, and  unaccustomed  to  much  ex- 
ercise, he  was  induced  by  the  beauty 
of  returning  spring  to  dedicate  a  day 
to  seeking  enjoyment  in  a  country  ex- 
cursion ;  and  for  that  purpose  set  off 
one  morning  in  the  month  of  May, 
without  previous  preparation,  or  even 
taking  a  more  substantial  breakfast 
than  usual,  to  walk  to-  Haddington 
by  way  of  North  Berwick, — a  dis- 


tance of  3-1  miles  from  his  home. 
Being  at  the  time  entirely  unac- 
quainted with  physiology,  he  was  not 
aware  that  the  power  of  exerting 
the  muscles  depended  in  any  degree 
upon  the  previous  mode  of  life,  but 
thought  that  if  a  man  had  on  any  par- 
ticular occasion  been  able  to  walk 
thirty  miles  without  exhaustion,  he 
must  necessarily  continue  to  possess 
the  same  power  under  all  circum- 
stances, while  youth  and  health  re- 
mained. The  nervous  stimulus  arising 
from  his  escape  from  the  desk,  and 
from  the  expected  delights  of  the 
excursion,  carried  him  briskly  and 
pleasantly  over  the  ground  for  the  first 
twelve  miles,  but  then  naturally  began 
to  decrease.  Unfortunately,  the  next 
part  of  the  road  lay  through  a  dull, 
monotonous,  and  sandy  tract,  present- 
ing no  object  of  interest  to  the  mind, 
and  no  variety  of  any  descri^jtion  ; 
so  that  the  mental  stimulus,  already 
greatly  impaired  in  intensity,  became 
weaker  and  weaker.  Being  alone,  his 
feelings  and  intellect  were  unexcited 
by  the  pleasure  of  companionship  and 
conversation  ;  weariness  consequently 
increased  at  every  step ;  and  long 
before  his  arrival  at  North  Berwick 
{25  miles),  "  every  vestige  of  enjoy- 
ment had  disappeared,  time  seemed  to 
move  at  a  marvellously  tardy  pace, 
and  every  mile  appeared  doubled  in 
length." 

Not  being  aware  that  excessive  ex- 
ercise without  a  succeeding  period  of 
repose  is  unfavourable  to  digestion, 
and  having  a  lively  recollection  of  the 
pleasure  and  refreshment  consequent 
ujion  eating  a  good  dinner  with  an 
ajjpetite  whetted  by  a  proper  degree 
of  bodily  labour  in  the  open  air,  he 
looked  forward  with  confidence  to 
some  recompense  and  consolation  for 
his  toils  when  dinner  should  make  its 
appearance.  In  this,  however,  he  was 
doubly  disappointed;  for,  from  having 
started  with  too  light  a  breakfast,  and 
walked  so  far,  his  digestive  organs 
were,  in  common  with  every  part  of 
his  system,  so  much  impaired  that  he 
looked  upon  the  viands  placed  before 
him  almost  without  appetite  ;  and  as 
they  happened  to  be  not  of  a  very 
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nutritive  or  digestible  quality,  be  in- 
fringed still  furtlier  that  law  of  mus- 
cular action  wbich  requires  a  full  sup- 
ply of  nourishing  arterial  blood,  made 
from  plenty  of  nutritive  food — a  law 
which  1  have  stated  to  bo  most  import- 
ant, especially  in  youth  and  during 
growth. 

After  a  rest  of  two  hours,  and  tak- 
ing a  moderate  allowance  of  wine, 
which,  however,  he  says,  "  seemed 
to  have  lost  its  ancient  virtue  of  im- 
parting cheerfulness  to  the  human 
heart,  '  he  set  out  to  complete  the  re- 
maining nine  miles  to  Haddington. 
The  country  was  more  beautiful  and 
varied,  but  the  charms  of  nature  had 
by  this  time  lost  all  attractions  ;  for 
our  pedestrian  was  "  now  wholly  oc- 
cupied in  counting  the  tedious  miles 
yet  to  be  traversed,  and  in  vowing 
that  this  pleasure  excursion,  though 
not  the  first,  should  certainly  be  the 
last  in  his  life."'  Being  reduced  to 
the  utmost  degree  of  exhaustion,  it 
required  an  obstinate  effort  to  drag 
himself  along  ;  but  at  last  he  arrived 
at  Haddington,  in  a  state  of  exquisite 
misery.  Unable  to  read  from  fatigue, 
and  having  nobody  to  converse  with, 
he  sought  refuge  in  bed  at  an  eaidy 
hour,  in  the  expectation  that  "  tired 
Nature's  sweet  restorer,  balmy  sleej)," 
would  visit  his  couch  and  bring  him  re- 
lief. But  in  accordance  with  what  is 
mentioned  on  page  113,  he  tossed  and 
tumbled  incessantly  till  four  o'clock  in 
the  morning,  a  period  of  seven  hours, 
after  which  sleep  came  on.  Next  day 
my  youthful  friend  returned  home  in 
the  stage-coach,  wiser  at  least,  if  not 
happier,  for  his  pleasure  excursion  ; 
and  he  now  makes  the  observation, 
that  if  ho  had  been  even  slightly  in- 
structed in  the  nature  of  the  human 
constitution,  he  never  would  have  en- 
tertained for  a  moment  the  expecta- 
tion of  enjoyment  from  a  proceeding 
so  utterly  in  defiance  of  all  the  laws 
of  exercise,  as  that  of  which  ho 
reajjed  the  unpalatable  fruits.  He 
adds  truly,  that  the  number  of  young 


men  who  suff  er  in  a  similar  way  is  by 
no  means  small,  and  that  he  has  rea- 
son to  be  thankful  that  he  has  not,  like 
some  of  his  companions,  carried  his 
transgression  so  far  as  permanently 
to  injure  health,  or  even  sacrifice  life. 

My  aim  being  practical  utility,  I 
have  said  nothing  in  this  place  on  the 
subject  of  the  muscles  of  organic  life ; 
that  is  to  say,  the  involuntary  mus- 
cles, strictly  so  called,  or  those  over 
which  the  will  has  no  power.  Tliese 
are   the   agents  of  important  vital 
functions,  which  are  carried  on  by 
them  unconsciously  to  ourselves,  and 
which  it  would  have  been  dangerous 
to  leave  under  our  control.  They 
seem  to  act  chiefly  in  obedience  to 
physical  stimuli,  each  organ  receiving 
that  which  is  appropriate  to  it.  The 
chief  of  the  involuntary  muscles  is  the 
heart,  which  goes  on  in  one  unvarying 
round  of  alternate  contraction  and  re- 
laxation, from  the  commencement  till 
the  close  of  existence,  and  which  is 
dependent  on  the  blood  for  its  appro- 
priate stimulus.    The  muscular  fibres 
of  the  stomach  and  bowels  are  also 
most  important  muscles  of  the  same 
class,  and  their  contraction  is  due  to 
the  stimulus  imparted  by  the  contents 
of  the  alimentary  canal.    The  bene- 
ficence of  Providence  in  withdrawing 
entirely  the  muscles  of  organic  life 
from  our  control  cannot  be  sufficiently 
admired  ;  for  had  the  action  of  the 
heart  depended  on  the  exercise  of 
the  will,  it  would  have  ceased  when- 
ever sleep  or  any  other  cause  de- 
prived us  of  the  power  of  attention, 
and  life  would  in  consequence  have 
been  extinguished.     The  process  of 
digestion,  too,  so  far   as  muscular 
action  is  concerned,  would  have  be- 
come an  intolerable  burden,  which, 
like  the  labour  of  Sisyphus,  would  no 
sooner  have  been  finished  than  it  must 
have  been  begun  afresh.    Of  the  na- 
ture of  the  movements  of  respiration, 
we  shall  speak  when  treating  of  that 
function  in  a  subsequent  chapter. 
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CHAPTER  VIII. 

TlIK  noNES,  THEIR  STRUCTURE,  USES, 
AND  CONDITIONS  OF  HEALTH. 

J  The  hardness,  strength,  and  insensi- 
bility, which  form  the  distinguishing 
properties  of  healthy  bones,  fit  them 
in  a  remarkable  degree  for  serving  as 
a  basis  of  support  to  the  softer  and 


more  active  textures  of  the  body.  By 
their  means,  the  luiman  frame  is  made 
to  unite  the  most  finished  symmetry 
of  form,  with  the  most  perfect  free- 
dom of  motion  and  security  to  life. 

Some  of  the  bones,  such  as  those 
which  compose  the  skull  and  the  socket 
for  the  eye,  are  designed  exclusively 
for  the  protection  of  important  organs 
contained  within  them.  But  by  far 
the  greater  number  are  constructed 


Fig.  6. 


with  a  direct  reference  to  voluntary  i  In  proportion  to  the  variety  of  move- 
motion,  and  serve  only  incidentally  j  ments  wliicli  any  piece  of  mechanism 
the  purpose.,of  protection.  |  I 
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WHY  THE  BONES  AllE  SO  NUMEROUS. 


is  required  to  perform,  its  component 
parts  must  be  numerous  and  varied. 
Considered  in  this  light,  the  animal 
frame  is  the  most  wonderful  of  all 
combinations  of  machinery.  No  pro- 
duction of  art  can  be  compared  w  ith 
it  for  the  multiplicity  and  nicety  of 
its  evolutions  ;  and  yet  all  these  are 
executed  simply  by  muscular  power, 
acting  upon  the  bones  or  other  parts, 
and  changing  their  relative  positions. 

The  incalculable  variety  of  move- 
ments required  from  man,  is  the  rea- 
son why  the  bones    composing  the 
skeleton  are  so  numerous  (as  may  be 
seen  from  fig.  G),  amounting  to  about 
260,  and  each  so  admirably  connected 
with  the  others  by  articulations,  con- 
structed so  as  to  admit  of  precisely 
that  kind  of  motion  which  the  anii.-ial 
requires  from  it,  and  of  no  otlier. 
The  advantages  of  this  arrangement 
are  not  less  obvious  than  admirable. 
Had  the  osseous  frame-work  consisted 
of  one  entire  piece,  not  only  would 
man  and  animals  have  been  incapable 
of  motion,  but  every  external  shock 
would  have  been  communicated  undi- 
minished to  the  whole  system.  Where- 
as, by  the  division  of  its  parts,  and  by 
the  interposition  of  elastic  cartilages 
and  ligaments  at  the  joints,  free  and 
extensive  motion  is  secured,  and  the 
impetus  of  every  external  shock  is 
deadened  in  its  force  and  diffused  over 
the  body,  in  the  same  way  as,  to  a 
person  riding  in  a  carriage,  the  jolt 
of,  the  wheel  passing  over  a  stone  is 
diminished  by  being  equally  difl'used 
over  the  whole  vehicle,  in  consequence 
of  the  elasticity  of  the  springs.  The 
safety  imparted  by  this  arrangement 
to  the  delicate  and  important  vital 
organs,  is  aj)t  to  be  lost  sight  of.  from 
the  very  smoothness  with  which  it 
enables  us  to  move  along,  but  it  will 
be  perceived  if  we  reflect  on  the  shock 
given  to  the  whole  system  by  taking  a 
single  false  step  in  going  up  or  down 
stairs.    The  parts  have  then  no  time 
to  adapt  themselves  to  the  exigencies 
of  the  moment,  and  to  put  the  projjer 
springs  in  play  for  the  equal  distribu- 
tion of  the  impetus.    Death  has  been 
occasioned  by  accidents  of  this  kind 
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the   danger  which 


might  arise  from  a  shock  is  further 
diminished  by  the  cartilaginous  nature 
of  the  osseous  tissue  at  an  early  age  ; 
for  the  gi'owth  and  formation  of  tlie 
bones  bear  a  relation  to  the  nature 
and  amount  of  the  movements  in  which 
they  will  be  called  on  to  take  part. 
"  The  young  lamb  or  foal,  for  example, 
can  stand  on  its  four  legs  as  soon  as  it 
is  born  :  it  lifts  its  body  well  above 
the  ground,  and  quickly  begins  to  run 
and  bound.    The  shock  to  the  limbs 
themselves  is  broken  and  diminished 
at  this  tender  age  by  the  divisions  of 
the  supporting  long  bones, — by  the 
interposition  of  cushions  between  the 
diaphyses  and  epiphyses  (the  centre 
pieces  and  extremities  of  the  bones.) 
And  the   jar  that  might  affect  the 
pulpy  and  largely-developed  brain  of 
the  immature  animal  is  further  dif- 
fused and  intercepted  by  the  epiphy- 
sial articular  extremities  of  the  bodies  I 
of  the  vertebraj.     W'c  thus  readily 
discern  a  final  purpose  in  the  distinct 
centres  of  ossification  of  the  vertebral 
bodies,  long  bones,  and  the  limbs  of 
mammals,  which  would  not  apply  to 
the  condition  of  the  crawling  reptiles. 
The  diminutive  brain  in  these  low  and 
slow  cold-blooded  animals  does  not 
demand  such  protection  against  con- 
cussion ;  neither  does  the  mode  of  lo- 
comotion in  tlie  quadruped  reptiles 
render  such  concussion  likely ;  their 
limbs  sprawl  outwards,  and  push  along  i 
the  body,  which  commonly  trails  upon 
the  ground ;  therefore  we  find  no  epi- 
physes with  interposed  cartilages  at  ■ 
the  ends  of  a  distinct  shaft  in  the  long  I 
bones  of  saurians  and  tortoises.    But  ' 
when  the  reptile  moves  by  leaps,  then  | 
the  principle  of  ossifying  the  long  j 
bone  by  distinct  centres  ag-ain  prevails,  j 
and  the  extremities  of  the  humeri  and  1 
femora  long  remain  epiphyses  in  the 
frog"  (that  is,are  separated  by  cushions 
of  cartilage  from  the  shaft  of  the 
bone.)* 

Bones  consist  of  two  kinds  of  sub- 
stances, viz.,  those  of  an  animal  and 
those  of  an  earthy  nature.    To  the 

*  Owen's  Loctnrcs  on  the  Conipixrativu 
Anatomy  of  the  VtrtebmtB  Animals.  Part 
I.  p.  D8. 
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former  belongs  every  thing  connected 
witli  the  life  and  growth  of  bones,  and 
to  the  latter  are  owing  the  hardness 
and  power  of  resistance  by  which  they 
are  characterized.  The  primitive 
basis  or  original  structure  of  bones  is 
a  transparent  glary  fluid,  which  gra- 
dually assumes  a  cartilaginous  charac- 
ter froiu  the  appearance  in  it  of  nu- 
merous small,  sub-elliptic,  nucleated 
colls.  As  the  cartilage  hardens,  these 
cells  increase  in  number  and  size,  and 
are  arranged  in  linear  series  where 
ossification  is  about  to  commence  ; 
,  which  process  depends  on  the  power  of 
I  the  cells  to  separate  from  the  blood  the 
I  osseous  matter  forming  part  of  the  in- 
I  organic  salts  of  that  tluid.  and  to  de- 
j  posit  itaccordingto  certainfixedlaws.* 
1  At  birth,  many  of  the  bones  are,  pro- 
t  pei-ly  speaking,  of  a  cartilaginous  na- 
I  ture  ;  but,  as  ossification  advances,  a 
proportionate  amount  of  cartilage  is 
removed,  and  its  place  is  supplied  by 
earthy  particles,  which  form  with  the 
remaining  cartilage  the  homogeneous 
whole  called  bone.  Although,  there- 
fore, it  is  to  the  softer  material  alone 
that  vital  properties  essentially  belong, 
it  is  usual  to  speak  of  the  life,  the  ves- 
sels, and  the  nerves  of  bones,  as  if  life 
belonged  equally  to  the  earthy  and  ani- 
mal portions.  This  is  correct  enough 
in  reality,  because  the  union  between 
the  earthy  and  animal  tissues  is  always 
the  product  of  life,  and  the  parts  thus 
united  are,  to  all  intents  and  purposes, 
living  portions  of  the  body.  Insen- 
sible as  they  may  seem,  tlie  bones  thus 
possess  all  the  attributes  of  living  and 
organized  parts.  They  are  all  pro- 
vided with  blood-vessels  and  nerves, 
and  are  constantly  undergoing  the 
same  process  of  decay  and  renovation 
to  which  all  other  living  parts  are  sub- 
jected. 

The  proportion  of  cartilaginous  and 
earthy  matter  varies  in  dilferent  ani- 
mals, and  is  in  admirable  adaptation 
to  their  peculiar  habits.  Thus  the 
bones  of  fresh  water  fishes  contain 
more  animal  matter,  and  are  conse- 

•  For  a  more  detailed  account  of  the 
'.  formation  of  bone,  see  Owen,  op.  cit.,  p. 
i  27,  seq. 


quently  lighter,  than  those  of  fishes 
which  swim  in  the  denser  medium  of 
the  sea.  The  bones  of  the  salmon,  for 
instance,  contain  60-62  parts  of  orga- 
nic and  39'38  of  inorganic  matter, 
while  those  of  the  cod  contain  34  30 
parts  of  the  former,  and  65'70  of  the 
j  latter.  The  thigh  bone  of  man  is  com- 
I  posed  of  31"03  parts  of  organic,  and 
68'97  of  inorganic  matter,  and  is  thus 
rather  denser  than  the  bones  of  the 
cod.  But  the  rule  that  the  skele- 
ton of  sea-fishes  is  denser  than  that  of 
fresh-water  fishes,  is  not  of  universal 
application.  The  shark  forms  an  ex- 
ception ;  but  here  again,  when  the 
habits  of  the  fish  are  considered,  the 
same  beautiful  harmony  appears. 
"  The  predacoous  sharks  are  the  most 
active  and  vigorous  of  fishes;  like  birds 
of  prey,  they  soar,  as  it  were,  in  the 
upper  regions  of  their  atmosphere, 
and,  without  any  aid  from  a  modified 
respiratory  apparatus,  devoid  of  an 
air-bladder,  they  habitually  maintain 
{  themselves  near  the  surface  of  the  sea, 
j  by  the  action  of  their  large  and  mus- 
1  cular  fins.  The  gristly  skeleton  is  in 
j  prospective  harmony  with  this  mode 
and  sphere  of  life.  To  have  made  their 
entire  skeleton  consolidated  and  load- 
ed with  earthy  matter,  would  have 
been  an  encumbrance  altogether  at 
variance  with  the  offices  which  the 
sharks  are  appointed  to  fulfil  in  the 
economy  of  the  great  deep.'** 

Bones,  being  in  their  very  nature 
so  hard  and  durable,  may  be  thought 
not  to  require  any  such  supply  of 
nourishment,  or  to  undergo  any  such 
change  of  parts,  as  wc  have  above  al- 
luded to.  But  if  we  look  for  a  moment 
1  to  the  advantages  consequent  upon  this 
!  order  of  things,  we  shall  see  abundant 
reason  for  their  being  subjected  in  this 
respect  to  the  general  laws  of  animat- 
ed nature. 

It  is  only  by  means  of  the  processes 
of  growth  and  renewal  that  the  bones 
can  adapt  themselves  to  the  wants  and 
state  of  the  system.  If  the  bones  were 
not  endowed  with  tli^  principle  of  life, 
the  stature  .of  the  infant  must  have 
been  that  of  the  future  man.    Or  even 

»  Owen,  op.  cit.,  p.  147. 
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supposing  the  osseous  system  to  have 
grown  to  niiiturity,  and  then  remained 
unch.uiged,  the  withered  form  of  old 
age  would  necessarily  have  been  op- 
jiressed  and  overcome  by  the  lai'ge  and 
i   massive   bones   which   the  vigorous 
!i  muscles  of  manhood  alone  can  easily 
jj  put  in  motion.    Had  the  bones  beeji 
1 1  created    unsusccj)tible    of  internal 
'I  chantre  and  unendowed  with  life,  it  is 
j   obvious  that,  when  broken  by  acci- 
j   dent,  they   must  have  remained  for 
ever  disunited,  and  become  an  incum- 
brance instead  of  being  an  assistance 
to  the  animal.    But,  from  j)Osscssing 
blood-vessels  of  their  own  to  supply 
them  with  nourishment,  and  nerves  to 
j   give  power  of  action  to  those  blood- 
vessels,   the  very    irritation  of  the 
!i  broken  end  is  made  to  serve  the  pur- 
j'  pose  of  increasing  the  vital  powers  of 
I   the  injured  parts,  and  producing  that 
{   excitement  which  is  necessary  for  the 
i  I  formation  of  a  new  bond  of  union,  and 
j   for  filling  up  the  gap  that  would  other- 
'  wise  have  remained. 
.      In  a  state  of  health,  the  bones  are 
!  almost  destitute  of  sensibility  ;  and 
!  here  aL-^o  the  most  jirovidont  bcnevo- 
j  lence  appears.  For,  surrounded  as  they 
I  are  by  the  softer  and  more  sensitive 
I  j  parts,  these  afford  tlicm  ample  protec- 
I  tion,  while  their  comjiarative  insensi- 
j  bility  enables  them  to  act,  for  any 
!i  length  of  time,  without  weariness  or 
ij  pain.    But  wlion  a  severe  accident  oc- 
||  curs  to  break  them  asunder,  or  destroy 

I  their  te.xture,  we  immediately  become 
{  conscious  of  them  through  th<^  pain 
j  which  then  becomes  thcii'  kindest  guar- 

'  dian,  and  the  surest  jjronioter  of  their 
j,  recovery.  In  such  circumstances,  in- 
'  deed,  notliing  can  be  more  truly  bono- 
y  volent  than  pain.  It  accompanies  that 
j'  inflanimiition  and  vascular  activity, 
[,  without  which  the  work  of  reunion  of 
i;  the  brt^k(!n  parts  cannot  be  nccom- 
rj  plishcd    and  is  the  means  of  securing 

I I  the  repose  and  quietude  wliich  ai-e  es- 
1  sential  to  the  e.xact  adaptation  of  tlie 
I  parts  to  each  other,  and  which  can  be 
!   obtained  only  by  causing  great  pain  to 

follow  even  the  .slightest  motion.  Of 
such  utility  is  inflammation  on  these 
'   occasions,  tiiat  when,  as  sometimes  hap- 
'   pons,  the  requisite  degree  of  it,  from 


want  of  nervous  .sensibility  in  the  part, 
does  not  take  place,  and  the  bone  re- 
mains un-united  for  many  weeks,  sur- 
geons are  in  the  habit  of  using  vio- 
lence to  produce  the  necessary  stimu- 
j  lus.    In  this  ca.se,  they  either  rub  the 
I  broken  ends  rudely  against  each  other, 
or  introduce  an  instrument  between 
them,  by  which  pain  and  irritation 
may  be  excited,  and  thus  lead  to  re- 
union.   On  the  other  hand,  if  pain  did 
not  guard  the  limb  from  motion  when 
the  process  of  i-ecovery  is  going  on,  the 
I  union  would  be  incessajitly  disturbed  j 
by  every  heedless  start  altering  the  re- 
lative position  of  the  parts.  This,  also, 
[  is  occasionally  exemplified  in  practice. 
I  Looking  at  these  facts,  it  is  impossible 
I  not  to  admire  the  wisdom  and  the  be- 
I  nevolcnce  manifested  in  the  adaptation 
of  the  structure  of  the  bones  in  every 
!  particular  to  the  circumstances  and 
]  occurrences  of  life, 
j      I  have  already  stated,  that,  besides 
j  a  large  proi)Ortion  of  earthy  matter, 
i  wliich  gives  them  dryness  and  hard- 
I  ness,  bones  contain  a  large  quantity  of 
animal  matter,  which  is  essential  to 
!  their  constitution.    In  eai-ly  life,  this 
;  cartilaginous    matter  preponderates, 
and  consc(|uently  the  bones  are  then  1 
less  heavy,  more  pliable  and  elastic.  I 
and  possessed  of  greater  vitality.     In  I 
old  age,  again,  the  earthy  parts  predo-  ' 
minatc,  sensibility  is  diminished,  and  i 
there  is  a  lower  degree  of  life.    It  is  ■ 
from  this  difference  that  bones  broken  '  ' 
I  in  youtli  reunite  in  one-third  of  the  Ij 
j  time  necessary  for  their  reunion  in 
j  advanced  life. 

It  is  a  common  opinion  that  bones 
i  are  more  liaVile  to  fracture  duiing 
j  frosty  weather  than  at  other  times  : 
but  according  to  Malgaigne,  this  sup- 
I  position  is  erroneous,  and  has  arisen 
j  sinijily  from  the  number  of  falls  occa- 
sioning frtictures  being  then  more  nu- 
merous.   According  to  the  same  sur- 
I  geon,  it  is  likewise  erroneous  to  sup- 
pose that  the  more  frequent  occurrence 
I  of  fractures  in  old  ag<".  arises  from  the 
dense  structure  of  the  bones  rendering 
i  them  move  friable.    In  advanced  life, 
I  all  the  tissues  of  the  body  undergo 
:  absorption,  and    the   osseous  tissue 
forms  no  exception   to  this  rule,  as 
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will  be  apparent  to  every  one  who  con- 
siders the  clianges  which  the  lower 
j  jaw  undergoes  in  old  age.  The  tissue 
of  the  hones  certainly  becomes  more 
dense,  but  the  bone  itself  is  reduced  in 
thickness,  and  consequently  gives  wav 
with  a  shock  which  in  earlier  life 
it  would  have  withstood  uninjured. 
It  should  also  be  borne  in  mind,  that 
in  old  age  the  body  falls  more  heavily, 
and  more  like  an  inert  mass,  than  in 
youth  or  middle  age,  when  rapid  and 
energetic  muscular  action  breaks  the 
fall  and  protects  the  bones.  In  early 
childhood,  again,  fractures  frequently 
occur  before  the  muscles  have  acquired 
rapidity  of  action,  and  the  bones  been 
consolidated  by  a  sufficient  deposit  of 
earthy  matter. 

In  some  unhealthy  states  of  the  sys- 
tem, the  proportion  of  earthy  matter 
is  abnormally  diminished,  and  in  some 
parts  it  is  even  altogether  removed. 
The  bones  become  so  soft,  compressi- 
ble, and  incapable  of  afl'ording  pro- 
tection or  support  to  the  other  parts, 
that  instances  have  occurred  in  which 
the  lower  extremities  could  be  twisted 
behind  as  if  made  of  wire.  A  slighter 
degree  of  the  same  affection  is  common 
in  weak,  rickety  cliildren;  and  hence 
the  deformity  of  limbs  so  often  occur- 
ring from  absolute  insuiBciency  of  the 
bones  to  support  the  weight  of  the 
body.  In  extreme  cases,  mere  turning 
in  the  bed  is  enough  to  produce  frac- 
ture. 

Besides  the  different  proportions  of 
organic  and  inorganic  matter  in  the 
bones  of  different  animals,  and  also  in 
different  boJies  of  the  same  animal, 
according  to  the  various  purposes  to 
whiifh  they  are  subsfrvient,  we  find 
another  beautiful  provision  adopted 
for  the  purpose  of  combining  lightness 
with  strength.  The  shafts  of  the  long 
bones  are  generally  formed  of  a  hard 
dense  tissue,  almost  approaching  to 
ivory,  and  are  much  thinner  than  the 
extremities,  which  swell  out  in  order 
to  form  the  large  articular  surfaces  of 
the  joints,  and  also  to  give  points  of 
adhesion  to  the  muscles.  (See,  for  in- 
stance, the  arm  and  thigh  bones,  6  and 
i  i,  in  fig.  6).  But  in  thus  gaining 
size  they  lose  the  dense  firm  te.xture  of 


the  shaft  of  the  bone,  and  beconic  cel- 
lular and  spongy  ;  while  their  weight, 
in  comparison  with  their  bulk,  is  pro- 
portionally diminished.  Moreover, 
we  arc  taught  by  mechanical  science 
that  a  certain  amount  of  matt('r,  in 
the  form  of  a  hollow  tube,  is  cajjable  of 
supporting  a  greater  weight  than  the 
same  amount  of  matter  forming  a  tliin- 
ner  but  solid  column  ;  ai)d  accordingly 
we  find  this  structure  adopted  in  the 
shafts  of  the  long  bones,  which  form 
cylinders,  having  their  cavities  filled 
with  marrow,  a  substance  of  light  spe- 
cific gravity.  In  the  skeletons  of 
birds,  especially  birds  of  Hight,  every 
precaution  has  been  adopted  to  secure 
extreme  lightness.  The  osseous  tissue 
is  exceedingly  firm  and  compa(rt,  but 
its  proportional  qu;uitity  in  any  given 
bone  is  much  less  than  in  other  ani- 
mals, and  the  utmost  economy  is 
everywhere  traceable  in  its  disposal. 
"  The  cavities  contain  air  instead  of 
marrow,  and  the  extremities,  instead 
of  being  occui)ied  with  spongy  diploe, 
present  a  light  open  net-work.  In 
the  swifts  and  humming-birds  every 
bone  of  the  skeleton,  down  to  the 
phalanges  of  the  claws,  is  pneu- 
matic.''* 

But  the  whole  structure  of  birds  is 
so  admirably  modified  to  suit  their 
habits,  that  its  study  cannot  fail  to 
raise  within  us  sentinients  of  the 
deepest  veneration  towards  the  all- 
wise  and  provident  Creator.  Begin- 
ning with  the  head,  we  find  that  teeth 
are  disjienscd  with,  and,  as  a  conse- 
quence, along  with  tliem  the  thick  and 
massive  jaw-bones  into  whicli  tliey 
must  have  been  implanted,  and  which 
are  replaced  by  a  liglit  and  horny 
bill.  Hence  mastication  is  very 
limited,  and  the  muscles  subservient 
to  this  function  are  proportionally 
small.  Everything  thus  combines  to 
render  the  head  light,  and  conse- 
quently a  long  and  slender  neck  is 
sufficient  for  its  support.  Had  it 
been  necessary  to  sustain  a  massive' 
head  at  the  extremity  of  a  long  neck, 
groat  muscular  development  in  this 

•  Owen,  op.  cit.,  p.  34. 
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region  would  have  been  required,  and 
the  weight  so  much  increased,  as  to 
have  materially  aftectcd  the  powers  of 
flight.  Moreover,  the  heavy  head  at 
the  extremity  of  the  lover  of  the  neck 
would  have  deranged  the  centre  of 
gravity,  and  in  this  way  also  have  in- 
terfered with  flight.  For  these  mani- 
fold reasons,  then,  the  masticatory 
apparatus  has  been  placed  in  the  body 
of  the  animal  as  a  gizzard. 

But  various  other  arrangements  for 
facilitating  the  flight  of  birds  are  ob- 
servable. They  are  oviparous,  and  de-  | 
posit  their  eggs  one  by  one  as  deve-  | 
loped;  and  from  the  young  being  so 
formed  that,  immediately  on  chipping 
the  shell,  they  are  i-eady  for  the  food 
caught  for  them  by  the  parents,  no 
milk-secreting  apparatus  is  requisite 
in  the  female.  Their  weight  is  further 
diminished  by  the  comparative  small- 
ness  of  the  quantity  of  water  necessary 
for  the  healthy  working  of  their  or- 
ganism. Hence  their  urine  is  secreted 
in  an  almost  solid  state,  and  their  skin 
possesses  no  perspiratory  glands.  Ac- 
cordingly, the  cutaneous  functions  are 
comparatively  limited  ;  and  as  they 
are  thus  deprived  of  the  means  of  so 
fully  accommodating  themselves  to 
changes  of  temperature  as  other  ani- 
mals, migration  to  colder  and  warmer 
climates  becomes  with  many  a  neces- 
sary of  life,  to  which  a  wonderful  in- 
stinct accordingly  impels  them.  Last- 
ly, birds  of  flight  are  never  loaded 
with  fat.* 

The  practical  application  to  be 
made  of  our  knowledge  of  the  consti- 
tution of  the  bones,  as  parts  of  our 
animal  frame,  and  as  governed  by  the 
ordinary  organic  laws,  will  now  be 
obvious.  Their  health  we  have  seen 
to  depend  on  the  regular  supply  of 
nourishment  by  the  blood-vessels,  on  a 
due  supply  of  nervous  energy  by  the 
nerves,  and  on  a  due  balance  between 
the  action  of  the  nutrient  and  ab- 
sorbent or  removing  vessels.    To  the 


*  More  ample  details  on  this  interesting 
subject  may  be  found  in  a  paper  by  Carl 
Bergmann,  in  Miiller's  Archiv,  part  iv. 
1850. 


steady  fulfilment  of  these  conditions, 
therefore,  we  are  bound  to  attend. 

It  is  a  common  fault  to  consider  the 
study  of  an  organ  or  function  com- 
plete, when  we  have  viewed  it  on  all 
sides  as  an  isolated  part,  without  re- 
garding its  external  relations  as  consti- 
tuting an  essential  portion  of  its  his- 
tory. Tims,  in  the  case  of  the  bones, 
we  are  aj)t  to  describe  their  hardness, 
their  mobility,  and  other  qualities, 
without  sufficiently  adverting  to  the 
fact,  that,  being  organs  of  support  and 
resistance,  the  frequent  and  regular 
performance  of  a  full  but  not  excessive 
amount  of  their  duties,  is  as  essential 
to  their  wellbeing  as  blood  is  to  the 
heart,  air  to  the  lungs,  or  light  to  the 
eyes.  And  accordingly,  when  that 
condition  is  not  fulfilled,  the  bones  be- 
come feeble,  diseased,  and  unlit  for 
their  functions,  just  as  the  softer  parts 
of  the  body  do.  In  practice,  it  is  of 
the  utmost  importance  to  be  fully 
aware  of  this  fact. 

Medical  men  are  familiar  with  the 
fact,  that  a  part  depi'ived  of  that  exer- 
cise or  action  which  Nature  destined  it 
to  fulfil,  becomes  weakened,  dimi- 
nishes in  size,  and  at  last  shrivels  and 
alters  so  much  in  appearance,  as  not  to 
be  recognizable.  Thus,  if  an  artery 
— such  as  the  large  vessel  which  sup- 
plies the  arm  with  blood — be  tied,  and 
the  flow  of  blood  obstructed,  a  change 
of  structure  immediately  begins,  and 
goes  on  progressively,  till,  at  the  end 
of  a  few  weeks,  what  was  formerly  a 
hollow  elastic  tube,  presents  the 
appearance  of  a  ligamentous  inelastic 
cord.  A  muscle  condemned  to  inac- 
tion is  speedily  reduced  to  half  its 
original  bulk  ;  and  if  long  unexercised, 
at  last  loses  entirely  its  power  of  con- 
traction and  its  muscular  appearance. 
The  same'  rule  holds  with  all  other 
parts  of  the  system,  and,  in  an  espe- 
cial manner,  even  with  the  hard  and 
apparently  unalterable  fabric  of  the 
bones.  It  is  ascertained  by  extensive 
experience,  that  complete  inaction,  be- 
sides diminishing  the  size  of  the  bone, 
injures  its  structure  so  much  as  to  de- 
prive it  of  hardness,  and  render  it 
susceptible  of  being  cut  with  a  knife. 
Now,  what  is  strongly  marked  in  the 


extreme  case  is  not  less  real,  al- 
though it  may  be  less  palpably  appa- 
rent, in  cases  wlioro  tliere  is  great, 
though  not  total,  deprivation  of  oxer- 

i  cise;  and  here  we  di.scovor  one  cans^ 
of  the  bad  health,  crooked  spines,  and 
deformed  figures,  of  which  tlie  halii- 

I  tual  restraint  and  condemnation  to 
attitude  in  modern  education,  lay  so 
wide-spreading  and  so  deep  a  founda- 
tion— evils  which  could  never  stand 
for  a  moment  before  knowledge  or 
reason.  The  bones  are  the  solid  frame- 
work of  the  body  ;  and  unless  they  be 
duly  exercised  in  actual  motion,  they, 
like  the  muscles  which  move  them, 
sutler  and  decay  in  virtue  of  that  uni- 
versal law  wliich  requires  the  exercise 
of  living  organs  as  the  condition  of 
their  wellbeing — as  the  stimulus  ne- 
cessary to  their  efficient  existence. 

To  the  causes  of  crooked  spine  which 
have  already  been  enumerated,  ati- 
other,  dependent  on  the  structure  of 
the  spinal  column,  remains  to  be 
added.  The  spine,  it  is  well  known, 
consists  of  a  series  of  bones,  piled  one 
above  another,  with  plates  of  cartilage 
intervening,  and  the  whole  firmly 
bound  together  by  strong  elastic  liga- 
ments. (Fig.  6,  a  a.)  The  plates  of 
cartilage  are  of  considerable  thickness, 
but  undergo  compression  from  the 
continued  action  of  any  heavy  weight 
— slowly  regaining  their  shape,  how- 
ever, when  the  pressure  is  removed. 
The  reality  of  the  compression  is  suf- 
ficiently evident  in  the  diminution  of 
stature  which  ttikes  place  in  the  course 
of  the  day ;  and  the  expansion  of  the 
cartilages  appears  in  the  increase 
which  occurs  during  the  night,  wlien 
the  pressure  of  the  head  and  upper 
extremities  is  removed  by  our  assum- 
ing the  recumbent  position.  But  if, 
during  the  day,  the  vertebral  column 
be  made  liabitually  to  lean  to  one  side, 
the  edsres  of  the  cartilajres  on  that  side 
undergo  an  abnormal  degree  of  com- 
pression ;  they  gradually  lose  their 
elasticity,  and  cease^  to  regain  their 
normal  shape  when  the  pressure  is  re- 
moved. The  consequence  is,  that  the 
spinal  column  acquires  a  fixed  incli- 
nation to  one  .side,  and  this  frequently 
becomes  a  permanent  distortion. 
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Dr  Herbert  Mayo*  thus  describes 
one  of  the  most  fruitful  causes  of 
crooked  spine  in  young  girls.  It 
arises,  he  says,  from  the  habit  of  as- 
suming, while  standing,  the  posture 
which  gives  greatest  relief  to  the 
languid  muscles  —  that,  namely,  of 
"  standing  at  ease,  '  or  resting  the 
weight  of  the  body  on  one  limb,  and 
almost  always  on  the  right,  which  is 
generally  the  strongest.  In  such  a 
posture  the  left  hip  sinks,  and  the 
spinal  column,  being  attached  to  the 
pelvis  at  right  angles,  of  course  no 
longer  rises  in  a  perpendicular  direc- 
tion, but  inclines  to  the  left.  To  re- 
medy the  leaning  of  the  whole  trunk 
towards  tliis  side  and  the  consequent 
loss  of  equilibrium  which  would  ensue, 
the  spine  in  the  region  of  the  loins 
gradually  assumes  a  curve  towards  the 
right.  But  as  this  flexion,  if  too  long 
continued,  would  carry  the  neck  con- 
siderably out  of  the  perpendicular,  it 
becomes  necessary  that  the  column 
should  again  bend  towards  the  left,  so 
as  to  afford  such  support  to  the  head 
as  will  keep  it  in  the  erect  position. 
"  This  position  of  rest,  this  standing 
at  ease,  to  which  children  with  backs 
weakened  in  bone,  sinew,  and  muscle, 
are  prone,  and  which  becomes  habitual, 
brings  the  spinal  column  into  tlie  fol- 
lowing relation  to  the  weight  of  the 
body,  arms,  and  head.  It  is  no  longer 
a  straight  pillar  of  support,  but,  so 
long  as  the  posture  is  maintained,  a 
flexuous  one.  That  would  matter  little, 
if  all  the  elements  of  the  column  were 
strong  and  rigid.  But  they  are  weak, 
debilitated,  disposed  to  yield,  and  they 
give  accordingly  ;  and  the  flexures 
become,  not  the  temporary  yieldings 
of  elastic  joints,  but  permanent  givings 
and  yieldings  of  weakened  textures. 
Once  begun,  the  change  can  but  pro- 
gress, and  the  greater  the  obliquity 
at  each  part,  the  greater  the  mechani- 
cal inability  of  the  spine  to  resist  the 
growing  evil." 

One  great  requisite,  then,  for  the 
development  and  health  of  the  osseous 
system,  is  adequate  and  suitable  exer- 

»  Pliilosopliy  of  Living,  3d  ed. 
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cise.  But  whatever  matter  is  ttie  sub- 
ject, action  implies  waste  of  materials, 
and  unless  this  waste  be  made  up  by 
l^roportioiiate  supplies,  exercise  leads 
to  speedy  decay  :  this  takes  place  most 
conspicuously  where  the  exertion  has 
been  carried  beyond  tlie  proper  limits, 
and  occasioned  a  waste  beyond  what 
any  supply  can  compensate.  A  second 
requisite  I'or  the  proper  state  of  the 
bones,  therefore,  is  a  sufficient  amount 
of  nourishment  to  countei-act  the  waste 
which  their  substance  undergoes.'" 

The  eifect  of  exercise  in  causing  the 
waste  of  the  active  organs,  is  well 
illustrated  by  the  comparative  absence 
of  waste  when  they  arc  unemployed. 
Inaction  implies  almost  stagnation,  and 
is  always  attended  by  diminution  of 
the  vital  functions.  This  is  exempli- 
fied, in  the  extreme  dej^ree,  in  hybcr- 
nating  animals,  whicli  pass  months  in 
sleep  without  food,  and  almost  without 
breathing, — and  also  in  frogs  found 
alive  in  stones  and  trees,  where  they 
must  have  been  dormant  for  a  great 
number  of  years.  Inactive  parts,  then, 
require  little  nutrition,  because  there 
is  little  expenditure,  and  lai-ge  sup- 
plies would  be  not  only  useless  but 
detrimental  to  tliem. 

By  a  law  of  the  constitution  already 
more  than  once  brought  under  the 
reader's  notice,  and  which  manifestly 
bears  a  relation  to  tliis  principle,  when 
any  part  of  the  system  is  active,  it  at- 
tracts to  itself,  by  the  simple  stimulus 
of  that  activity,  an  increased  supply  of 
blood  and  nervous  energy.  The  former 
repairs  the  waste  of  substance  which 
action  produces,  and  the  latter  gives 
an  increased  tone  in  harmony  with  the 
greater  call  made  on  its  powers.  If 
the  exercise  is  momentary  and  not  re- 
peated, tlie  extraordinary  flow  of  blood 
soon  disappears,  and  the  nervous  power 
falls  to  the  usual  standard.  But  if  it 
is  continued  for  a  time,  and  is  I'ecurred 
to  at  regular  intervals,  a  more  active 
nutrition  is  established:  a  permanently 
greater  supply  of  blood  enters  the  ves- 
sels, even  during  the  intervals  of  inac- 

*  .See  the  Author's  Physiology  of  Diges- 
tion, &c.,  9th  ed.,  p.  131.  I 


tion  ;  and  an  increase  of  development  : 
takes  place,  attended  with  increased  | 
facility  and  vigour  of  function. 

If,  again,  any  part  is  not  duly  exer- 
cised, there  is  no  local  stimulus  to 
attract  a  large  sujiply  of  blood  or 
abundance  of  nervous  power  ;  there  is 
no  activity  of  nutrition,  no  perfection 
of  devclopmfnt.  and  no  vigour  of  func- 
tion.   And  hence,  in  partial  e.xercise, 
there  is  alwaj's  predominance  of  some  ; 
part  over  otlicrs ;  tiie  one  too  strong,  ! 
the  other  too  feeble.    In  tiie  muscular 
system,  the  ai-ms  of  a  blacksmith  con-  i 
trasted  with  those  of  a  dancing-master,  ' 
are  a  familiar  illustration. 

Tliis  law  of  increased  aillux  of  fluids 
and  incrwised  nutrition  to  exercised  j 
parts,  and  of  diminished  alHux  and  j 
)iutrition  to  inactive  parts,  is  not  only 
highly  important  in  its  practical  con-  \ 
sequences,  but  is  in  exact  and  obvious  i 
accordance  with  the  plainest  principles  , 
of  reason.  By  this  benevolent  arrange- 
ment, parts  acting  strongly  receive 
large  supplies,  and  ])arts  doing  no-  i 
thing  are  left  in  the  state  of  weakness  ! 
befitting  the  demands  made  upon  them. 
To  every  one  who  sees  the  principle,  ' 
it  must  appear  the  height  of  folly  to  | 
expectgreatnutrition  and  greatenergy  ' 
to  follow  inaction,  and  vice  versa ;  and  ' 
yet  this  is  what  mankind  at  large,  in  | 
their  ignorance,  daily  look  for.  i 

This  law  of  exercise,  as  influencing  | 
nutrition  and  function,  is  universal  in  I 
its  application,  and  applies  to  the  os- 
seous as  much  as  to  any  other  system.  I 
If  the  bones  are  duly  exercised,  then  ' 
active  nutrition  goes  on,  and  they  ac-  j 
quire  increased  dimensions,  strength,  ] 
and  solidity.    If  they  are  not  exor- 
cised, the  stimulus  required  for  the 
supply  of  blood  to  them  becomes  in-  i 
sulficient;  imperfect  nutrition  takes 
place  ;  and  debility,  softness,  and  un-  j 
fitness  for  duty  follow  in  the  train.  1 
This  cause  of  defective  formation  is  [ 
most  active  and  most  commonly  seen  ' 
in  the  bones  of  the  spine  in  growing 
girls  who  are  denied  free  exercise  in 
that  part ;  and  the  consequent  weak- 
ness in  the  bones  and  cartilages,  as  well 
as  in  the  muscles,  is  a  very  frequent 
cause  of  the  swollen  joints  and  curva- 
ture in  the  bones  of  the  limbs  in  young 


i 

!  

i  people,  which  no  subsequent  care  cau 
j  ever  remove. 

The  beneficial  cft'ects  of  exercise  and 
I  diet  in  imparting  solidity  to  the  bones, 
■  Imve  not  escaped  the  observation  of 
j  trainers  and  veterinary  surgeons.  8ir 
.  John  Sinclair  mentions  that  the  bones 
of  persons  trained  become,  in  a  re- 
markable degree,  harder  and  touyiwr, 
and  less  li:ible  to  bo  injured  by  blows 
I  or  accidents.*  Delabere  IJluine  also, 
I  in  speaking  of  the  deposit  of  earthy 
matter  and  the  consequent  consolida- 
tion of  the  bones  of  the  horse  being 
hastened  by  anything  that  permanent- 
ly quickens  the  circulation  through 
them,  remarks  that  Nature  gives  to 
young  animals  a  playful  disposition 
for  the  purpose  of  "  increasing  the 
flow  of  blood,  and  occasioning  a  more 
free  deposit  of  the  earthy  particles." 
— "  The  earthy  deposit,"  he  continues, 
is  usually  proportioned  to  the  wants 
of  the  aninial;  it  is  tlms  most  perfect 
in  those  whose  exertions  are  most 
considerable  :  in  the  full-bred  horse, 
therefore,  the  bones  will  be  found  more 
solid  than  in  the  bulky  lower-bred  va- 
rieties." But  from  this  very  circum- 
stance, when  the  animal  is  subjected 
to  premature  exertion,  the  consolida- 
tion of  the  bones  becomes  more  coni- 
plete  before  their  softer  portion  has 
increased  to  its  full  dimensions ;  and 
hence  "  horses  early  and  hard  worked 
never  arrive  at  their  full  size."t  ^i'es- 
timony  of  tliis  kind  ought  to  be  of 
great  weight,  as  based,  not  on  theory, 
but  on  tlie  broad  and  well-marked  ex- 
perience of  practical  men. 

It  must  be  observed,  however,  that 
defective  nutrition  may  arise  iVom 
other  causes  than  inadequate  e.xercise  ; 
but  even  then  the  consequences  at- 
tending it  are  analogous  in  their 
nature.  Among  the  poor  it  often 
arises  from  deficiency  of  wholesome 
food,  and  from  damp  dark  habita- 
tions ;  among  the  rich,  from  feeble 
digestive  and  assimilating  powers, 
and  pampering  in  diet ;  and  also  from 

*  Code  of  Health,  5th  edit.  Appendix, 
p.  35. 

t  Blaine's  Outlines  of  the  Veterinary 
Art,  3d  ed.,  p.  a  3. 
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errors  in  clotliing,  and  neglect  of  suffi- 
cient ventilation  and  due  exposure  to  | 
the  open  air.  Rickets,  softness  of  the 
bones,  and  white  swelling,  are  accord- 
ingly observed  to  be  confined  to  child- 
ren belonging  to  one  or  other  of  these 
classes.* 

To  understiind  more  clearly  the 
relative  uses  of  bones  and  muscles,  we 
may  be  allowed  to  use  a  comparison, 
although,  like  all  other  comparisons, 
it  presents  many  points  of  difference. 
The  bones  are  to  the  body  what  the 
musts  and  spars  are  to  a  ship- — -they 
give  support  and  the  power  of  resist- 
ance. The  muscles,  again,  are  to  the 
bones  what  the  ropes  are  to  the  masts 
and  spars  ;  it  is  to  them  that  the 
bones  are  indebted  for  the  preserva- 
tion or  change  of  their  position.  If 
the  bones  or  masts  are  too  feeble  in 
proportion  to  the  weight  which  they 
are  required  to  sustain,  then  a  devia- 
tion from  their  shape  or  position  takes 
place  ;  and,  on  the  other  hand,  if  the 
muscles  or  ropes  are  not  sufficiently 
strong  and  well-braced,  then  insuffi- 
ciency of  support  must  necessarily 
result.  Early  infancy  aft'ords  an 
instance  of  both  imperfections,  the 
bones  being  infirm,  and  the  muscles  | 
small  and  destitute  of  true  fleshy  fibres,  i 
The  diseased  state  called  moliities  o.i- 
sium,  or  softness  of  the  bones,  is  an 
instance  of  what  may  be  called  a  weak 
mast  of  the  body,  which  must  yield  if 
its  muscles  be  strongly  drawn.  The 
state  of  muscular  debility  consequent 
on  fever  and  many  acute  diseases,  or 
even  on  sudden  fright,  is.  on  the  other 
hand,  an  instance  of  the  inability  of 
the  bones  alone  to  preserve  an  attitude, 
or  execute  motion,  when  the  muscular 
system  is  weakened  by  disease.  These 
differences  merit  attention. 

A  knowledge  of  the  condition  of  the 
bones  at  different  periods  of  life,  is 
not  without  its  practical  uses, — parti- 
cularly in  regulating  our  treatment  of 
children.  In  my  Treatise  on  the  Ma- 
nagement of  Infancy,  I  have  noticed 
that  many  parents,  disregarding  the 
fact  that  the  bones  are  comparatively 

«  See  the  Author's  Physiology  of  Diges- 
tion, &c.,  9  th  ed.,  chiip.  xii. 


EFFECTS  OF  flXflROISB  ON  THE  BONES. 


EXERCISE  IK  INFANCY— THE  JOINTS. 


138 


soft  and  pliablR  in  infancy, — and  in 
their  haste  to  see  the  little  objects 
walk  without  support, — are  continu- 
ally soliciting  attempts  at  standing  or 
walking,  long  before  the  bones  have 
acquired  sufficient  power  of  resistanco, 
and  the  muscles  sulficiont  power  of 
contraction,  to  cope  with  the  law  of 
gravitiition.  The  natural  consequence 
is  a  curvature  of  the  bono,  wliich  yields 
just  like  an  elastic  stick  bending  under 
a  weight.  The  two  ends;  approach 
nearer  to  each  other  than  they  ought 
to  do ;  and  the  muscles,  to  accommo- 
date tlicmselves  to  the  change,  become 
shorter  on  one  side,  and  perhaps  longer 
ou  the  other,  each  losing  part  of  its 
efficiency  in  the  unnatural  change 
which  it  undergoes. 

From  this  view,  it  will  be  seen  how 
hurtful  leading-strings  must  be.  In 
the  first  place,  by  their  mechanical 
force,  they  compress  the  chest  and  im- 
pede respiration  ;  and,  in  the  second 
place,  by  preventing  the  body  from 
falling  to  the  ground,  or  rather  by 
preserving  an  upright  position,  they 
cause  more  of  the  weight  to  fall  on  the 
bones  of  the  spine  and  lower  extremi- 
ties, than  these  parts  are  fitted  to  carry. 
From  tliis  noxious  practice,  flatness  of 
the  chest,  confined  lungs,  distorted 
spine,  and  deformed  legs,  too  often 
originate. 

The  impropriety  of  an  indiscriminate 
use  of  dumb-bells  in  early  life,  will 
also  be  easily  understood.  If  the 
weight  of  these  be  disproportioncd  to 
the  strength  of  the  bones,  it  is  obvious 
that  we  must  produce  the  same  kind  of 
evil  as  by  premature  attempts  to  walk 
— namely,  yielding  of  the  bones,  and 
stretching  and  relaxation  of  their  con- 
necting ligaments.  If,  again,  they 
be  disproportionate  to  the  muscular 
power,  their  effect  will  be  to  exhaust 
instead  of  increasing  the  strength  of 
the  body. 

Prom  the  exposition  I  have  given  of 
the  laws  of  exercise,  as  affecting  the 
muscular  and  osseous  systems,  the  ab- 
surdity of  expecting  to  sjroig't/icjieither 
the  one  or  the  other  by  the  use  of  stays, 
or  by  lying  for  hours  on  a  horizontal 
or  inclined  plane,  will  bo  sufficiently 
manifest.    There  is  no  royal  road  to 


health  and  strength, — no  method  by 
which,  while  exercise  isdispensed  with, 
its  advantages  can  be  obtained.  In 
the  intervals  between  exercise,  re- 
clining on  a  plane  is  very  useful  in  I 
delicate  fast-growing  girls  ;    but  it  j 
should  be  resorted  to  only  wlien  tlie  i 
feeling  of  fatigue  exists,  eitlier  from  ; 
previous  exercise,  or  from  mere  sitting  , 
up.    As  soon,  however,  as  this  feeling  | 
is  entirely  recovered  from,  it  ought  to  , 
be  discontinued,  and  never  employed 
for  hours  and  days  in  succession  with-  , 
out  refei-encc  to  previous  weariness,  | 
as  it  often  is,  on  the  false  notion  of  its  | 
being  conducive  to  health.  [ 

Before  concluding  this  subject,  a 
few  general  observations  may  be  fitly 
introduced  on  the  structure  of  the 
joints.    The  bones  arc  articulated  in 
various  ways,  according  to  the  move- 
ments which  are  required  of  them  ; 
but  the  principles  on  which  the  joints 
are  constructed  are  the  same  in  all. 
The  articulating  surface  of  every  bone 
is  formed  of  smooth  and  polished  car- 
tilage, covered  by  a  fine  and  glisten- 
ing  membrane,  which    secretes  the 
lubricating  fluid  of  the  joint.  This 
synovial  membrane,  as  it  is  called, 
after  spreading  out  over  the  articu- 
lating surface  of  one  of  the  bones  com- 
posing the  joint,  is  reflected  forwards 
to  be  spread  over  the  articulating  sur- 
face of  the  opposite  bone,  and  thus 
forms  an  air-tiglit  bag  interposed  be- 
tween the  extremities  of  the  bones  and 
containing  tlie  synovial  flnid.  The 
bones  are  held  together  partly  by  the 
shape  of  their  articulating  surfaces,  as 
in  the  hip-joint,  and  partly  by  various 
powerful  ligaments  and  the  tendons  of 
the  muscles.    Our  chief  object  here, 
however,  is  to  direct  attention  to  an- 
other striking  proof  of  the  wisdom  with 
which  the  hunuin  body  has  been  con- 
structed, and  to  the  admirable  manner 
in  which   liglitness   is   united  with 
strength.   The  fact  was  first  pointed 
out  by  the  brothers  Weber,  that  the 
pressure  of  the  atmosphere,  consequent 
on  the  air-tight  character  of  the  bag 
formed  by  the  synovial  membrane,  is  of 
itself  more  than  sufficient  to  keep  the 
articulating  surfaces  of  the  bones  in 
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contact.    This  admirable  fact  is  most 
readily  demonstrated  with  the  hip- 
joint.    The  round  head  of  the  thigli- 
bone  (Hff.  (5,  kh)  is  received  into  a 
I  socket  formed  by  the  os  innomiuatum 
(.•>•  s),  thus  constituting  what  is  fami- 
liarly known  as  a  ball  and  socket  joint ; 
and  all  communication  betwecui  the 
cavity  of  the  joint  and  external  tluids 
is  cut  off  by  the  synovial  membrane. 
Consequently  when,  in  the  dead  sub- 
ject, all  the  muscles  which  bind  the 
thif^h  to  the  trunk  are  cut  across,  and 
the  limb  is  left  suspended  to  the  body 
by  the  joint  alone,  the  liead  of  the 
thigh-bone  is  retained  in  the  socket 
by  the  pressure  of  the  atmosphere. 
That  this  is  the  case  may  be  proved  by 
di'illing  a  small  hole  through  the  bone 
of  the  socket,  so  as  to  admit  the  air 
into  the  synovial  cavity ;  the  thigh- 
bone begins  immediately  to  sink,  and 
•dislocation  ensues.    The  power  thus 
exercised  by  the  atmosphere  is,  of 
course,  dependent  on  the  superficial 
area  of  the  joint ;  but  Valentin  calcu- 
lates that,  in  the  case  of  the  hip-joint, 
it  is  about  one-iifth  greater  than  would 
be  necessary  to  support  a  limb  weigh- 
ing 30-8  pounds  troy,  and  that  the 
barometer  woiUd  require  to  fall  to  '25 
inches  to  place  the  limb  and  the  atmo- 
sphere in  exact  equilibrium.*  From 
experiments  and  calculations  made  by 
the  same  distinguished  pliysiologist,  it 
appears  that  the  pressure  of  tlie  atmo- 
sphere on  the  shoulder-joint  (fig.  3,  S) 
is  capable  of  supporting  a  weight 
nearly  twice  that  of  the  arm,  and  that 
the  forces  thus  exercised  upon  the  el- 
bow-joint, knee-joint,  and  highest  joint 
of  the  lorefinger,  are  respectively  6 
times,  9  times,  and  35  times  greater 
than  are  requisite  for  the  support  of 
the  forearm,  leg,  and  linger. t  The 
power  thus  gained  is  altogether  inde- 
pendent of  any  additional  expenditure 
of  material;  and  a  strength  is  thus 
conferred  upon  many  of  the  joints  (for 
instance,  on  those  of  the  fingers), 
whicli  could  not  have  been  afforded  by 
mere  ligaments,  without  destroying 
their  elegance  and  symmetry. 

»  Valentin's  Lehrbiich,  vol.  i.,  p.  91. 
t  Ibid.,  vol.  il.,  p.  203. 


In  health  the  joints  are  insensible,  ' 
but  when  inflamed  thoy  become  acutely  ! 
sensitive,  and  are  extremely  painful.  ' 
They  are  very  apt  to  become  aftected 
in  gout  and  rheumatism,  owing  appa- 
rently to  the  diseased  condition  of  the 
blood ;  and  in  the  former  disease  the 
synovialfluid  frequently  depositsclialk  i 
or  gout-stones  in  the  cavity  of  the  | 
joints,  impeding  motion,  and  produc-  i 
ing  exquisite  pain.  i 

In  this  chapter,  as  well  as  in  that  ■ 
on  tlie  muscles,  I  have  dwelt  perhaps  j 
too  much  on  the  principles  by  which  i 
exercise  ought  to  be  regulated  ;  but  as  j 
the  subject  is  little  understood  by  those  : 
who  have  the  direction  of  youth,  and 
is  of  permanent  impoi'tance,  I  venture 
to  hope  that  the  tediousness  of  repeti- 
tion may  be  forgiven,  if  clearness  and 
conviction  are  secured.  I 


CHAPTER  IX.  ! 

ON  THE  BLOOD  AND  THE  OUGANS  OF 
CIRCOLATION. 

In  the  earlier  editions  of  this  work, 
the  next  subject  discussed  was  the  im- 
portant function  of  respiration  ;  but 
as  the  chief  object  of  that  process  is  to 
eff  ect  a  change  in  the  properties  of  the 

blood,  it  will  be  useful  to  give  a  brief  ! 
account  of  tl»e  lattei-,  before  entering 

upon  the  consideration  of  the  changes  I 

produced  in  it   during  its  passage  \ 

through  the  lungs.  j 

The  blood  is  the  fluid  by  which  the  \ 

vitality  of  all  other  parts  of  the  system  I 

is  supported,  and  from  which  they  all  j 

derive  their  nourishment.    It  is  also  i 

the  source  from  which  all  the  seci'e-  \ 

tions  and  excretions  are  derived,  and  j 

consequently    the   medium   through  | 

which  the  waste  or  effete  materials  are  i 
thrown  out  ol' the  system.    Before  the 

food  which  Is  taken  into  the  stomach  | 

can  become  a  part  of  the  living  struc-  j 

ture,  its  nutrient  part,  which  is  ex-  j 

tracted  fx-om  it  by  the  organs  of  diges-  | 

tion,  must  be  converted  into  blood  and  1 

distributed  throughout  the  body.    It  I 
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is  only  when  thus  converted  into  bh)od 
that  the  nutriment  hucomes  organized 
or  endowed  with  living  properties,  and 
it  is  only  then  that  it  hecouies  capable 
of  siqjporting  the  life  and  action  of  the 
parts  to  which  it  is  sent. 

The  blood,  therefore,  is  a  compound 
fluid,  containing  in  a  liquid  state  the 
elements  of  all  the  tissues  and  organs 
of  the  body.  When  drawn  directly 
from  the  blood-vessels  it  is  a  homoge- 
neous fluid  of  a  bright  red  or  dark 
purple  colour,  according  as  it  flows 
from  an  artery  or  a  vein.  Its  colour, 
however,  is  not  an  essential  quality ;  it 
varies  in  different  animals,  and  in 
some  of  the  lowest  the  blood  is  almost 
transparent.  In  all  animals  the  blood 
constitutes  the  nourishing  fluid  from 
which  all  tlie  textures  are  formed  ;  but 
in  the  higher  classes  it  performs  an- 
other office, — that  of  conveying  into 
the  system  the  oxygen  inhaled  in  re- 
spiration, for  the  purpose  of  producing 
those  chemical  metamorphoses  on  which 
life  depends.*  If  fresh  air  be  pre- 
vented from  reaching  the  lungs,  or  if 
the  blood  be  so  altered  in  its  quality 
as  to  be  unable  to  absorb  oxygen  and 
convey  it  into  the  system,  the  meta- 
morplioses  of  the  matter  within  the 
body  are  almost  as  instantaneously  ar- 
rested, as  when  a  lamp  is  extinguished 
by  the  e.\.clusion  of  air.  The  functions 
of  the  blood  being  thus  compound,  we 
may  naturally  expect  its  substance 
to  be  compound  also.  Accordingly 
when  drawn  from  an  artery  or  vein 
and  received  in  a  cup,  it  is  observed 
to  separate  after  a  few  minutes  into  a 
transparent  yellowish  liquor,  called 
the  scrum,  and  a  tirm  red  coasiulum 
called  the  clot. 

The  serum  consists  principally  of  a 
solution  of  albumen  in  water,  along 
with  a  small  quantity  of  fatty  matter, 
and  part  of  the  inorganic  princijjles  of 
the  blood  ;  while  the  clot  is  composed 
of  fibrin  and  the  corpuscles  or  glo- 
bules of  the  blood  (which  can  bo  re- 
cognised as  such  only  by  means  of  the 
microscope),  along  with  some  addi- 

*  See  Versuch  oiner  nllgemoincn  physio- 
logisclien  Chemiis  von  G.  J,  JNlulder,  p.  356. 
Heidelberg,  18i3. 


tional  fatty  matter,  and  the  remainder 
of  the  inorganic  salts.    It  is  on  the  ^ 
fibrin  that  coagulation  depends.  In 
the  living  blood  fibrin  exists  in  a  fluid 
state,  but  when  withdrawn  from  the 
body,  or  after  death,   it  runs  into 
threads  or  fibres,  and  hence  its  name. 
The  living  blood,  tlu;n,  consists  of  a 
transparent  fluid,  holding  in  suspen- 
sion the  globules  of  the  blood,  which 
are  small  flattened  circular  discs,  form- 
ing distinct  cells,  and  considered  by 
some  physiologists  to  be  living  enti- 
ties, analogous  in  some  degree  to  the 
simplest  of  the  infusory  animalcules  ; 
they  having  like  them  an  allotted  pe- 
riod of  life,  and  being  continually  de- 
stroyed and  continuany  reproduced.* 
Hence  the  blood  may  be  described  as 
consisting  of  innumerable  colls  sus- 
pended in  a  glutinous  fluid,  which  has 
on  this  account  received  the  name  of 
the  intercellular  liquid.    The  globules 
or  cells  are  formed  of  thin  transparent 
sacs,  enclosing  a  reddish  fluid,  the 
quantity  and  quality  of  which  are  un- 
dergoing constant  changes  througli  cn- 
dosmotic  and  exosmotic  action,  accord- 
ing to  the  laws  explained  on  page  44. 
As  a  general  rule,  the  deeper  or  lighter 
colour  of  the  blood  may  be  said  to  de- 
pend on  tlie  greater  or  smaller  number 
of  the  globules ;  but  this  is  not  the  only 
cause  which  gives  it  different  shades, 
as  is  at  once  shewn  by  adding  water 
to  blood.     The  colour  then  becomes 
darker,  although  the  globules  are  pro- 
portionally diminished;  and  thecliange 
arises  from  the  blood-cells  assuming  a 
more  globular  form  tlirougli  endo^mo- 
tic  action,  and  reflecting  the  rays  of 
light  in  a  diti'erent  manner.    This  ex- 
periment is  of  practical  importance,, 
as  it  shews  that  a  sanguuie  complexion 
must  not  be  regarded  as  an  invariable 
symptom  of  healtiiy  blood  ;  and  Mar- 
chand  has  related  a  case  in  whicli 
there  was  externally  every  appearance 
of  health,  but   where   the  globules 
amounted  only  to  97  parts  in  the  tliou- 
sand,  instead  of  127,  which  is  the  aver- 
age amount  in  females. f    The  patient 

*  See  Owen's  Lectures  on  the  Inverte- 
brate Animals,  p.  oGH. 

t  De  1-lntiuoiice  Comparative  du  Regimo 
Animal,  p.  US.    Paris,  1840. 
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alluded  to  suffered  from  a  variety  of 
nprvous  symptoms,  every  organ  in  the 
body  seeming  to  be  occasionally  af- 
fected. 

When  coagulation  takes  place,  the 
globules  become  entangled  in  the 
meshes  of  the  coagulating  fibrin,  and 
thus  enter  mechanically  into  tlie  for- 
mation of  the  clot.  When,  however, 
from  any  cause  coagulation  is  delayed, 
the  red  globules  partially  subside  be- 
fore being  involved  in  the  meshes,  and 
in  this  way  the  so-called  buffy  coat  of 
the  blood  is  formed,  which  is  simply  the 
pure  coagidum  of  fibrin.  On  referring 
to  the  analyses  given  below,  the  reader 
■will  per<;eive  that  the  quantity  of  fibrin 
is  very  small  when  compared  with  that 
of  the  albumen  and  globules,  scarcely 
surpassing  two  parts  in  the  thousand. 
On  this  account,  and  from  the  fact  that 
fibrin  enters  very  largely  into  the 
tissues  of  the  body,  it  is  supposed  by 
many  physiologists  that  the  fibrin  of 
the  blood  is  a  transition  stage  between 
its  albumen  and  the  solid  tissues ;  and 
that  it  is  gradually  elaborated  from 
the  albununi  in  the  course  of  the  circu- 
lation. Under  the  microscope  two  dis- 
tinct kinds  of  globules  may  be  recog- 
nized in  the  blood,  the  red  and  the 
white,  of  wliicli  the  former  are  by  far 
the  most  numerous  :  as,  however,  it  is 
generall)'  supposed  tliat  the  white 
globules  are  merely  the  red  in  a  pre-  ! 
lirainary  stage,  we  shall  not  draw  any  ; 
distinction  between  them,  but  include 
both  under  the  common  term  of  the 
globules  of  tlie  blood.'''" 

The  red  globules  constitute,  as  we 
shall  aftei'wards  more  fully  see,  the 
respiratoi-y  ])art  of  the  blood,  and  are 
the  carriers  of  oxygen  to  the  remotest  i 
parts  of  the  system.    They  exist  in  a  | 
considerably  larger  proportion  in  male  | 
than  in  female  blood,  as  appears  from  | 
the  following  analytical  tables,  de-  j 
duced,  as  the  average,  from  several 
analyses  by   JJecquerel   and  liodier. 
From  these  it  appears  that  there  is  ' 
contained  in  1000  jjarts  of — 

»  I)r  Carpcnt^^r  thinks  tlio  production 
of  fibrin  is  closely  connected  with  tlu-  de- 
velopment of  the  white  corpuscles.  See 
his  Principles  of  Human  I'hysiolog}-,  2d 
(1.,  p.  508.    London,  1844. 
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When  regarded  as  consisting  simply 
of  suspended  cells  and  intercellular 
liquid,  the  blood  is  found  to  be  com- 
posed of  about  equal  parts  of  both. 
The  cells,  however,  contain  consider- 
ably more  solid  matter  than  the  inter- 
cellular liquid,  the  proportion  in  the 
former  being  about  7  parts  of  water 
to  3  of  solids,  and  in  the  latter  as  9  to 
l.t 

From  the  above  table,  then,  we  learn 
that  female  blood  contains  about  one- 
tenth  less  of  the  globules  than  male 
blood,  and  that  this  deficiency  is  re- 
placed by  water;  consequently  the 
blood  is  specifically  lighter  in  women 
than  in  men,  and  hence,  no  doubt,  one 
of  the  causes  of  the  su])erior  strength 
and  enduring  power  of  males.  That 
the  red  globules  are  those  by  which 
oxygen  is  distributed  through  the  body 
may  be  illustrated  by  reference  to  ex- 
periments by  Prevost  and  Dumas,  who 
found  that  when  an  animal  is  bled  al- 
most to  death,  it  can  be  recovered  by 
injecting  into  its  veins  a  mixture  of 
the  red  globules  and  serum  ;  while  the 
serum  alone  is  qniite  inndequate  to  re- 
call life  principally,  it  would  seem, 
from  its  not  conveying  oxygen  to  the 
tissues,  for  Schultz  found  that  when 
impregnated  with  oxygen  it  possessed 
reviving  powers. J 

Within  the  limits  of  health,  organic 
activity  and  the  supply  of  nourishing 
blood  are  always  proportioned  to  each 

*  It  i«  impos'siblo  tn  estimate  the  number 
of  white  globules  apart  from  the  red  with 
any  degri-e  of  ac.-curncy,  but  tlieir  nimiber 
is  too  insignitieant  materially  to  affect  these 
results. 

f  Lehmann's  I,rlii>)iich  der  Pliysiologi- 
schen  Chemic,  2;1  ed.,  vol.ii.,  p.  1-52.  Leip- 
zig, 18.50. 

I  Wagner's  irandwurtorbuch  der  Phy- 
siologie,  Tol.  i..  p.  212. 
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other.    When  a  part  is  sufficiently  but 
not  too  much  exercised,  a  more  vi- 
gorous circulation  takes  place  through 
its  vessels,  and  it  increases  in  size  and 
in  power.    When  it  is  left  inactive,  it 
receives  a  diminished  supply  of  blood, 
and  becomes  comparatively  enfeebled. 
In  like  manner,  when  the  natural  sup- 
l)ly  of  blood  to  an  organ  is  cut  ofl"  or 
diminished,  as  sometimes  happens  from 
tumours  pressing  U2)on  the  principal 
blood-vessels  going  into  it,  its  nutri- 
tion and  its  functional  power  immedi- 
ately become  impaired.    As  niiglit  bo 
expected,  sintilar  consequences  ensue 
when  th(!  blood  itself  is  imperfectly 
constituted  and  inadequate  to  supply 
the  proper  stimulus  and  the  requisite 
nourishment.  This  frequently  happens 
among  the  poor  from  deficiency  of 
wholesome  food  ;  among  the  rich  from 
an  impaired  scate  of  the  digestive  or- 
gans ;  in  the  consumptive  from  defec- 
tive respiration  :  and  in  many  trades 
I  from  the  inqiuvitj'  of  the  surrounding 
!  atmosphere.  The  blood  cannot  nourish 
j  unless  a  due  amount  of  oxygen  be  sup- 
i  plied  to  it;  and  when  from  violent  ex- 
j  ercise  the  metamorphoses  of  the  tissues 
take  place  so  rapidly  as  to  exhaust  the 
'  oxvtren  of  the  blood  faster  than  it  is 
;  sup])licd  by  the  lungs,  death  is  pro- 
'  duced.    This  consequence  is  seen  in 
animals  hunted  to  death.  An  oj)posite 
{  condition  of  the  blood  may  alto  exist 
and  equall)'  endanger  health.  I'rom 
I  too  full  living,  aided  by  a  good  deal  of 
I  exercise  in  the  open  air,  which  gives 
keenness  to  the  appetite  and  vigour  to 
'  the  digestive  powers,  blood  may  be 
■I  formed  in  so  large  a  quantity,  and  of 
j  so  rich  a  quality,  as  to  keep  the  system 
!  habitually  in  a  state  of  excitement  bor- 
j  dering  on  active  disease,  and  easily 
i  convertible  into  it  by  the  application 
I  of  any  accidental  cause.    Many  young 
'  men,  in  what  may  be  termed  a  florid 
I  state  of  health,  are  thus  cut  off  after  a 
!  few  days'  illnesn.  by  some  acute  malady, 
I  often  to  the  great  snr[)rise  of  all  around 
1  them,  although  obvious  signs  of  danger 
may  have  been  long  present,  if  the  suf- 
I  fi-rers  had  only  been  sufficii^ntly  in- 
structed to  be  able  to  understand  them. 

In  these  opposite  states  of  diminished 
and  increased  vitality,  the  blood  has 


lost  its  normal  constitution,  the  changes 
consisting  principally  in  the  dimi- 
nution or  increase  of  the  number  of 
tiio  red  globules.  In  pale  sickly  girls, 
on  the  ojie  hand,  where  the  functions 
of  life  are  low,  they  are  occasionally 
reduced  to  27  parts  in  the  thousand, 
while,  on  the  other  hand,  in  stout 
plethoric  young  men,  where  the  vital 
metamorphoses  are  great,  they  some- 
times rise  to  185.  Both  extremes  pass 
into  disease.  There  can  be  no  doubt 
that  very  many  of  the  diseases  which 
afflict  mankind  arise  from  a  morbid 
state  of  the  blood  affecting  the  nutri- 
tion of  tlie  body.  We  have  undoubted 
examples  of  this  in  the  eruptive  fevers, 
such  as  smallpox  ;  but  our  knowledge 
of  the  nature  of  the  changes  which 
the  blood  here  undergoes  is  extremely 
limited.  We  shall  bestow  some  farther  i 
brief  consideration  on  this  subject  when  i 
the  reader  has  been  made  acquainted  j 
with  the  nature  of  the  function  of  re- 
spiration. 

From  what  has  been  said,  it  follows 
that  a  due  supply  and  proper  quality 
of  blood,  are  indispensable  to  the  life,  | 
nutrition,  and  activity,  of  every  organ  ' 
of  the  body :  and  that,  for  the  con-  ! 
tiuued  preservation  of  health,  both  the 
supply  and  the  quality  of  the  blood  j 
ought  to  bear  a  constant  relation  to  [ 
the  age,  constitution,  and  mode  of  life 
of  the  individual.     In  youth,  when 
growth  is  rapid,  and  the  mode  of  life  |i 
characterized  by  activity,  a  full  supply  j ' 
of  well-constituted  blood  is  much  more  '  | 
essential  than  in  old  age,  when  growth 
is  at  an  end,  and  the  bodily  energies  ! 
have  become  im])aired.*   In  youth,  ac- 
cordingly, the  effects  of  impoverished 
diet  are  felt  much  sooner  than  in  ma-  , 
turity  ;  and  hence,  in  cases  of  ship,  i  *  j 
wreck  and  starvation,  the  young  are  j 
generally  the  first  to  perish.  ' 

But  the  blood,  as  already  hinted,  I 
serves  other  jjurposes  besides  those  of  Ij 
supporting  life  and  nutrition.    It  sup-  i  j 
plies  the  materials  of  all  the  various  I 
secretions,  and,  being  the  medium  by 
which  all  the  decomposed  tissues  of 

*  See  the  Author's  Treatises  on  Digestion 
and  the  Management  of  Infancy. 
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the  body  are  carried  to  the  varLous  ex- 
creting organs,  it  likewise  furnislies 
the  rxcretiona  ;  consequently,  every  se- 
creting and  excreting  organ  receives  a 
supply  of  blood  proportioned  to  its 
size,  and  to  the  importance  and  extent 
of  its  function.  Thus,  the  urine  issopa- 
rated  or  excreted  from  the  blood  by  the 
kidneys,  and  these  are,  in  consequence, 
provided  with  arteries  of  a  .size  corre- 
sponding to  the  average  copiousness 
of  the  e.xcretion.  In  like  manner,  the 
perspiration  is  derived  from  the  blood, 
and  we  have  already  seen  in  what  pro- 
fusion the  arteries  are  distributed  to 
the  skin.  The  excretion  from  the 
bowels  is  another  example  of  a  similar 
correspondence.  The  bland  and  oily 
fluids  which  lubricate  the  joints,  the 
mucus  which  moistens  the  air  passages, 
and  the  tears  which  bedim  the  eye,  are 
all  instances  of  ^i'cret?o«.'!  derived  more 
or  less  directly  from  the  blood,  and 
they  cease  to  be  formed  if  the  supply 
of  blood  to  tlieir  respective  organs  be 
arrested.  If,  on  the  contrary,  the  sup- 
ply of  blood  be  increa.sed,  the  organs 
are  stimulated  to  greater  activity  ;  and 
if  the  stimulus  be  carried  too  far,  dis- 
ccDicd  action  w  ill  follow,  and  the  regu- 
lar or  physiological  order  of  events  be- 
come interrupted,  so  that  the  function 
may  be  even  altogether  arrested. 

The  greatly  increased  quantity  of 
blood  wiiich  is  thus  directed  towards  a 
secreting  or  excreting  organ  when  in 
full  activity,  may  be  easily  conceived 
frotn  what  happens  in  the  case  of  the 
kidneys  when  their  function  is  highly 
excited.  It  is  a  matter  of  common  re- 
mark, that  a  c6i)iou8  discbarge  of  urine 
often  follows  within  a  few  minutes 
after  drinking  a  pint  or  two  of  mineral 
water  in  a  cold  morning,  or  on  going 
into  the  open  air  in  winter  after  leav- 
ing a  convivial  party  in  a  warm  room. 
But  ast  every  drop  of  the  urine  thus 
rapidly  thrown  out  is  derived /rom  tho 
blood  sent  to  the  Iddneys,  it  is  obvious 
that  the  whole  quantity  of  blood  circu- 
lating through  them  at  that  time,  must 
have  been  very  large;  otherwise  no 
such  extensive  excretion  could  have 
taken  place. 

The  blood  which  thus  supports  life, 
imparts  nourishment,  and  furnishes  the 


materials  of  the  secretions  and  excre- 
tions (with  tlie  exception  of  the  bile, 
v\  hich  is  derived  from  the  venous 
blood),  is  called  the  vital,  red,  or  arte- 
rial blood.  The  first  name  is  derived 
from  its  exclusive  property  of  sustain- 
iiiff  life ;  the  second  from  its  Jlorid  red 
colour;  and  the  third  from  tlie  vessels 
or  arteries  in  which  it  is  contained.  It 
is  of  this  blood  we  have  now  to  speak. 

in  man  and  the  higher  classes  of  ani- 
mals, the  arterial  or  vital  blood  is  of  a 
f.orid  red  hue,  but  in  many  inverte- 
brate animals  it  is  entirely  colourless. 
The  colour  also  varies  in  the  verte- 
brate animals,  being  dependent  on  the 
amount  of  colouring  matter  contained 
in  the  red  corpuscles.  Thus,  it  is 
comparatively  pale  in  the  goat  and  the 
rabbit,  and  paler  still  in  the  frog  and 
in  fishes  :  hence  the  light  colour  of 
the  flesh  of  these  animals.  As  already 
mentioned,  it  is>  the  arterial  blood  alone 
which  is  capable  of  supporting  life  and 
yielding  nourishment  to  the  different 
parts  of  the  organism  ;  and  fi-om  the 
moment  that  it  ceases  to  be  supplied  to 
any  part,  that  part  begins  to  decay  and 
die.  By  the  vei'y  act,  however,  of  thus 
supporting  life  and  carrying  on  nutri- 
tion, the  arterial  blood  itself  undergoes 
a  change.  It  loses  its  bright  red  colour, 
assumes  a  darker  hue,  and  is  found  to 
be  no  longer  available  for  its  former 
purposes.  These  changes  do  not  occur 
to  any  visible  extent  in  the  larger  ar- 
teries, whicli  may  therefore  be  regard- 
ed, in  a  general  .sense,  ;is  serving  only 
for  the  conveyance  of  the  blood,  [t  is 
in  the  very  minute  subdivisions  or 
branches  by  which  the  nutrient  par- 
ticles are  deposited  in  the  tissues  of  all 
living  parts,  that  the  change  from  the 
arterial  to  the  venous  cliaraoter  is  first 
observed. 

From  the  arterial  blood  being  indis- 
pensable to  the  continuance  of  life  and 
nutrition,  it  follows  that  it  must,  by 
some  means  or  other,  be  distributt^d  in 
due  quantity  to  ever;/  part  of  the  living 
body.  The  solid  parts  being  fixed  and 
immoveable  in  their  respective  places, 
they  cannot  go  in  quest  of  blood,  and 
thu.s  the  only  alternative  is  that  the 
blood  be  brought  to  them.  But  it  is 
not  suflicient  that  arterial  blood  be  .sent 
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once  to  every  organ  of  the  body.  The 
circumstance  that  in  the  act  of  sup- 
l)orting  life  and  imparting  nourish- 
niont,  it  lopes  its  own  cliaracteristic 
l)roperties,  occasions  a  necessity  that 
the  supply  sliould  be  continuottn,  and 
proportioned  to  the  nature  and  activity 
of  the  part.  Such  accordingly  is  the 
f;ict.  The  current  of  vital  blood  /.« 
continuous,  and  ceases  only  with  the 
extinction  of  life  ;  and  our  next  step 
is  to  investigate  the  means  by  which 
that  supply  is  effected  with  the  regu- 
larity and  constancy  required. 

Putting  all  other  questions  out  of 
sight  for  the  present,  I  may  mention 
that  the  arterial  blood  is  sent  as  fast 
as  it  is  prepared  to  the  left  fide  of  the 
heart,  as  the  fountain-liead  from  which 
it  is  to  be  distributed  through  the 
body.  At  this  point,  therefore,  we 
shall  take  it  up. 

In  Fig.  7,  representing  a  section  of 
the  heart,  the  two  sides  are  seen  sopa- 


Fig.  7. 


rated  by  a  white  perpendicular  line. 
The  letters  v  c     and  v  e  i,  indicate  the 
two  vencp  raixr  by  which  the  venous 
blood  is  returned  from  the  rest  of  the 
I  body  to  the  rioht  auricle  r.  a.  From 
j  the  right  auricle,  this  venous  blood 
j  passes  by  the  hole  o,  into  the  ri<f/it 
j  ventricle  r.  v.    It  next  enters  the  pnl- 
vionanj  arteric  a. p.,  n.p.,  to  goto  the 
I  lungs,  whence  it  returns  art-'.rialiced, 
I  by  the  pulmonary  veins  v. p.,  v.  p.,  to 
i  the  lift  aurirle  I.  a.  The  arterial  blood 
^  next  passes  through  the  orifice  o,  into 
I  the  left  ventricle  I.  v.,  to  be  distributed 
j  through  the  body  by  the  aorta  a.  a. 


The  right  auricle  and  ventricle  con- 
stitute the  ri(jht  tide  of  the  heart,  and 
contain  venoui<  blood.  The  left  auricle 
and  ventricle  constitute  the  left  fide, 
and  contain  arterial  blood.  The  left 
ventricle,  having  the  office  of  distri- 
buting the  blood  for  the  nourishment 
of  the  whole  system,  is  much  more 
muscular  and  powerful  tlian  the  right 
ventricle,  w-hich  sends  the  blood 
through  tlie  lungs  only.  For  the  sake 
of  simplicity  we  .shall,  at  present,  con- 
fine ourselves  to  the  distribution  of 
the  arterial  blood. 

Tlie  letters  I.  v.,  then,  indicate  the 
left  vontrich'  into  which  the  arterial 
blood  is  poured  for  distribution.  The 
ventricle,  being  thick  and  muscular, 
contracts  powerfully  upon  tlie  con- 
tained l>lood,  and,  like  a  force-pump, 
projects  it  into  tiie  great  artery  called 
the  aorta  a.  a.  The  opening  o,  by 
which  the  blood  entered  the  ventricle 
from  the  left  auricle,  being  now  shut 
by  a  valve  which  admits  of  the  cur- 
rent flowing  only  in  one  direction,  the 
blood  cannot  retrograde  in  its  course; 
and  as  another  valve  at  the  beginning 
of  the  aorta  prevents  its  return  into 
tlie  ventricle  from  wliich  it  has  been 
expelled,  the  only  channel  left  open  to 
it  is  that  which  it  actually  follows 
along  the  aorta. 

Hy  every  successive  contraction  of 
the  ventricle,  a  fresh  quantity  of  blood 
is  ])rojected  into  the  aorta,  and  it  in 
its  turn  impels  that  which  preceded 
it ;  just  as  happens  with  the  succes- 
sive quantities  of  water  raised  or  pro- 
pelled by  a  pump.  It  is  chiefly  by 
this  contraction  of  the  left  ventricle 
that  the  blood  is  circulated  in  the 
arteries ;.  and  what  is  called  thcj'ubc  is 
merely  the  successive  dilatation  and 
contraction  of  the  arteries  as  they  re- 
ceive and  contract  upon  every  succes- 
sive quantity  discharged  by  the  heart. 
Hence,  in  the  healthy  state,  the  pulse 
and  tlie  beating  of  the  heart  always 
correspond,  and  preserve  the  same  re- 
lation to  each  other. 

The  course  of  the  arterial  blood 
'  after  it  has  entered  the  aorta,  and  its 
gradual  distribution  through  smaller 
:  and  smaller  branches,  will  be  easily 
!  understood  from  the  next  figure  (fig- 
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8)  representing  the  aoi'taa.  just  where  semicircle,  which  is  thence  called  the 
it  leaves  the  heart,  and  its  various  arch  of  the  aorta.  Trom  the  upper 
subdivisions  as  they  spread  over  the  part  of  this  arch,  the  arteries  supply- 
whole  body.  At  a,  just  after  leaving  ing  the  head,  shoulders,  and  amis,  are 
the  heart,  the  aorta  forms  a  kind  of  seen  to  arise  and  branch  into  c  the 

Figi  8. 


carotid,  x  c  the  lubdoAjian,  a  x  the 
axillary,  t  a  the  temporal  arteries.  At 
the  t!  rmination  of  the  arch,  the  aorta 
passes  downwards  along  the  spine,  and 


gives  off  branches  to  the  parts  lying 
on  each  side  and  to  the  organs  con- 
tained in  the  chest  and  abdo:nrn,  such 

K 
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as  i  i,  the  intercostals,  running  between 
the  ribs,  cce  the  cccliac,  going  to  the 
digestive  organs,  ra  the  renal,  going 
to  the  kidneys.  At  the  lower  part  of 
the  spine  it  divides  in  two  great 
branches  called  the  iliac  arteries,  il, 
which  pass  down  and  subdivide  to 
supply  the  lower  extremities  and 
lower  parts  of  the  trunk.  The  other 
letters  refer  to  the  names  of  arteries 
which  need  not  now  be  particularized. 

As  the  arteries  continue,  in  the 
manner  above  represented,  to  divide 
and  subdivide  into  smaller  and  smaller 
branches,  like  the  branches  of  a  tree 
from  the  parent  stem,  tliey  ultimately 
reach,  in  the  intimate  tissues  of  the 
organism,  a  minuteness  which  renders 
them  almost  invisible,  and  they  become 
proportionally  numerous.  To  apjiear- 
ance  they  are  even  smaller  than  hairs, 
and  hence  they  are  often  called  capil- 
lary (Jiair-like)  vessels,  or  branches  of 
the  ai'teries.  So  minute  are  they  in  size 
and  innumerable  in  quantity,  that  the 
point  of  the  finest  needle  cannot  pene- 
trate the  skin  without  piercing  them 
and  drawing  blood.  When,  therefore, 
the  expression  capillary  vessels  or 
branches,  or  simply  tlie  cainllarics, 
occurs,  the  reader  will  please  to  keep 
in  mind  that  all  these  are  merely  dif- 
ferent names  for  the  continuous  and 
minute  subdivisions  of  the  larger 
blood-vessels  ;  and  when  the  cainllary 
circulation  is  spoken  of,  nothing  more 
is  meant  than  that  part  of  the  general 
circulation  which  is  carried  on  by  the 
minute  branches  of  the  larger  blood- 
vessels. Strictly  speaking,  the  capil- 
laries form  a  kind  of  network  of  almost 
microscojjic  vessels  between  what  are 
considered  the  terminations  of  the 
arteries  and  the  commencement  of  the 
veins,  and  are  consequently  common 
to  both.  But  in  a  general  sense,  the 
capillary  vessels  and  circulation  bear 
much  the  same  relation  to  the  larger 
blood-vessels  and  circulation,  which 
the  small  gas  or  water  pipes  distri- 
buted through  a  private  house,  do 
to  the  main  pipes  and  larger  subdivi- 
sions extending  along  the  streets  and 
alleys.  They  are  all  parts  of  the  same 
great  whole,  and  the  venous  capil- 
laries are  merely  those  branches  by 


which  the  now  venous  blood  is  trans- 
mitted from  the  arterial  capillaries  to 
the  extremities  of  tlie  veins. 

In  different  organs  the  capillaries 
are  of  different  sizes,  those  of  the  kid- 
neys, for  instance,  being  considerably 
larger  than  those  of  the  skin  ;  and  it 
is  not  improbable,  that  upon  this  dif- 
ference of  structure  may  depend,  to  a 
certain  extent  at  least,  the  peculiar 
secretions  of  the  various  organs.*  We 
shall  afterwards  see  that  the  course  of 
the  blood  in  the  large  blood-vessels  is 
extremely  rapid ;  while,  in  the  capil- 
laries, it  is  calculated  by  Valentin 
to  move  at  the  rate  of  about  a  yard  in 
half  an  hour.t  If  this  estimate  be 
pretty  near  the  truth,  it  will  follow 
that  the  capillai-ies  are  extremely 
.short,  as  the  blood  completes  the  cir- 
Dulation  of  the  whole  body  in  the  space 
of  about  two  minutes. 

Since  it  is  in  the  capillaries  that 
many  of  the  changes  incident  to  nutri- 
tion and  the  support  of  life  take  place, 
and  that  the  arterial  blood  loses  its 
florid  colour  and  characteristic  pro- 
perties, it  follows  that  if  the  exhausted 
blood  were  not  sent  away,  and  its 
place  supplied  by  fresh  arterial  blood, 
nutrition  would  cease,  and  death 
speedily  ensue.  We  have  already  re- 
jieatedly  had  occasion  to  observe  that 
the  phenomena  of  life  are  dependent 
on  the  various  metamorphoses  of  mat- 
ter which  are  constantly  taking  place 
in  the  organism.  It  is  in  consequence 
of  these  changes  that  the  arterial  blood 
is  transformed  into  venous,  and  in  this 
process  endosmosis  and  exosmosis  act  a 
conspicuous  part.  The  red  corpuscles 
cannot  themselves  traverse  the  walls 
of  the  capillaries,  but  these  walls  are 
sufliciently  thin  to  allow  a  reciprocal 
action  to  take  place  between  the  con- 
tents of  the  vessel  and  the  juices  of 
the  body,  by  means  of  which  fresh  nu- 
tritive particles  are  deposited,  and  the 
effete  materials  carried  off  to  be  ex- 
creted by  the  proper  organs.  We 

*  The  nature  of  the  secretion  is  also 
much  influenced  by  the  nature  of  the  cells 
which  constitute  the  parenchyma  or  sub- 
stance of  the  secreting  organ. 

t  Lelirbuch,  vol.  i.,  p.  481. 
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have,  therefore,  next  to  shew  what  be- 
comes of  the  blood  after  it  has  given 
out  the  nutrient  particles  and  the  va- 
rious secretions  and  excretions  al- 
ready referred  to,  and  thereby  lost  its 
vital  power. 

The  principal  means  which  the 
Creator  has  appointed  for  renewing 
and  restoring  the  lost  properties  of  the 
arterial  blood,  are  the  digestion  of 
food  and  the  process  of  respiration. 
By  the  former,  fresh  materials  of  nu- 
i  trition  are  supplied  in  the  manner  ex- 
plained in  my  work  on  Digestion 
and  Diet ;  and  by  the  latter,  the  now 
dark  blood  absorbs  a  portion  of  oxy- 
gen, and  gives  out  the  excess  of  car- 
bon, the  presence  of  which  is  the 
chief  cause  of  its  being  no  longer  ca- 
pable of  supporting  life.  But  before 
the  digested  food  can  be  converted 
into  vital  blood,  it  also  must  be  sub- 
jected to  the  pi'ocess  of  respiration ; 
and  hence  in  man  and  the  more  per- 
fect animals,  the  dark  blood  and  the 
new  nutriment  must  be  made  to  pass 
together  through  the  lungs  or  organs 
of  respiration  before  arterial  blood 
can  be  formed  from  them.  The  next 
step  in  the  study  of  the  circulation, 
therefore,  is,  to  trace  the  blood  from  the 
remote  capillary  branches  of  the  arteries, 
where  we  left  it,  to  the  lun'js  or  organs  of 
respiration. 

On  carefully  examining  with  a  mi- 
croscope the  circulation  in  the  thin 
membranous  web  of  the  foot  of  a  frog, 
the  red  blood  is  seen  to  pass  from  the 
minute  arterial  capillaries  into  other 
vessels  equally  minute  and  numerous, 
which  gradually  coalesce  into  larger 
and  larger  branches,  and  these  again 
into  others  still  larger,  just  as  the  fine 
roots  of  a  tree  gradually  unite,  and  at 
last  terminate  in  one  common  stem. 
These  minute  vessels  also  are  termed 
capillaries;  but,  from  their  contain- 
ing dark  blood,  they  are  named  venous, 
to  distinguish  them  from  the  others  as 
arterial  capillaries.  In  point  of  fact, 
however,  the  two  are  continuous,  and 
analogous  in  structure  and  appearance. 
The  only  differences  are,  that  the 
blood  which  they  contain  is  dark  or 
venous,  and  that  the  course  which  it 
follows  is  exactly  the  opposite  of  that 


in  the  arteries.  Thus  the  venous 
blood  proceeds  from  all  parts  of  the 
body  towards  the  heart ;  while  the 
arterial,  as  we  have  seen,  proceeds 
from  the  heart  towards  all  other  parts. 
The  two  thus  form  a  current  and  coun- 
ter-curi'ent ;  and  these  two  currents 
constitute  what  is  culled  the  geui  ral, 
systemic,  or  larger  circulation  —  the 
capillaries  being  merely  the  small 
vessels  intermediate  between  the 
larger  branches  of  the  arteries  and 
veins. 

Of  the  course  of  the  veins  no  parti- 
cular description  need  be  given,  as  it 
is  nearly  the  same  as  that  of  the  ar- 
teries. In  most  instances,  indeed,  the 
deeper-seated  veins  and  arteries  lie 
side  by  side  ;  but  frequently  there  are 
two  veins  where  there  is  only  one 
artery.  The  more  superficial  veins, 
such  as  those  seen  on  the  back  of  the 
hand,  and  on  the  arm  and  legs,  do  not 
accompany  arteries.  The  branches  of 
the  veins,  in  common  with  those  of 
the  arteries,  everywhere  communicate 
freely  with  each  other  by  what  are 
called  anastomosing  or  cross  branches ; 
and  by  this  arrangement,  when  the 
current  is  for  a  time  accidentally 
stopped  in  one  vessel,  the  blood  can 
always  find  a  passage  by  another. 

The  coats  of  the  veins  are  much 
thinner  than  those  of  the  arteries,  and 
consequently  are  unable  to  withstand 
an  equal  degree  of  pressure.  To  ob- 
viate the  inconveniences  which  would 
thus  have  arisen,  especially  in  the 
veins  of  the  legs,  from  the  pressure  of 
a  cojisiderable  column  of  blood,  these 
vessels  are  provided  with  valves  which 
prevent  the  reflux  of  the  current.  In 
a  former  chapter  (p.  98),  the  in- 
fluence which  muscular  contraction 
exercises  on  the  flow  of  blood  in  the 
veins  was  taken  notice  of;  and  we 
now  farther  perceive  that,  but  for  the 
valves,  the  blood  would  be  driven 
backwards  by  the  contracting  muscle, 
so  as,  by  distending  the  coats  of  the 
veins,  to  produce  varicose  swellings, 
an  affection  which,  notwithstanding 
this  provision,  is  fi-equently  seen  in 
those  whose  occupations  oblige  them  to 
remain  long  standing. 

l-'rom  the  fact  of  the  blood  running 
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in  opposite  directions  in  the  arteries 
and  veins,  it  follows  that  when  a 
wound  is  inflicted,  a  difl'erent  method 
must  be  employed  to  arrest  the  loss  of 
blood  according  ae  it  proceeds  from 
an  artery  or  a  vein.  If  an  artery  is 
laid  open  and  red  blood  is  flowing,  the 
pressure  or  ligature  should  be  applied 
on  the  side  nearest  the  heart ;  whereas 
if  a  vein  is  wounded  and  dark  blood 
escapes,  the  pressure  should  be  applied 
on  the  side  farthest  from  the  heart,  or 
beyond  the  wound.  We  see  this  prin- 
ciple exemplified  in  common  blood- 
letting. The  object  being  then  to 
cause  the  hlood  to  flow,  the  ligature  is 
always  placed  nearer  the  heart  than 
the  intended  puncture  of  the  vein,  so 
as  to  intercept  the  current  upwards 
from  the  hand  and  fore-arm.  When  it 
is  wished  to  stop  the  flow  of  blood,  the 
ligature  is  I'emoved.  To  those  unac- 
quainted with  anatomy,  the  florid  or 
dark  colour  of  the  blood  which  escapes 
from  a  wounded  vessel  will  indicate 
whether  it  proceeds  from  an  artery  or 
a  vein,  and  whether  the  chief  pressure 
should  be  applied  above  or  below  the 
wound. 

The  object  of  the  dark  blood  being 
thus  returned  to  the  heart  by  the 
veins  is,  that,  after  receiving  the  nu- 
triment prejjared  from  the  food  in  the 
form  of  chyle,  it  may  he  transmitted 
through  the  lungs,  there,  to  undergo  the 
changes  required  for  inrjiarting  vital 
2>ropertie8  to  the  chyle,  and  re-converting 
the  venous  into  arterial  blood.  This 
transmission  is  effected  in  the  follow- 
ing manner. 

We  have  already  stated  that  the 
arterial  blood  is  transmitted  by  the 
left  side  of  the  heart  into  the  aorta  for 
general  distribution.  By  the  veins, 
however,  it  is  returned  to  the  riglu 
tide  of  the  heart.  From  the  head, 
arms,  and  upper  part  of  the  body,  the 
dark  blood  returns  by  a  variety  of 
veins,  which  ultimately  terminate  in 
one  large  trunk  called  the  vena  cava 
superior  or  dcscendens  (the  superior  or 
descending  hollow  vein),  v  c  s,  in  fig.  7. 
From  the  inferior  extremities  and 
lower  part  of  the  body,  the  venous 
blood  is  returned  by  a  great  number 
of  veins  which,  in  like  manner,  ulti- 


mately coalesce  into  one  trunk,  called 
the  vena  cava  inferior  or  ascendens 
(the  inferior  or  ascending  hollow  veinj, 
V  c  i,  in  the  figure.    These  two  great 
veins  are  seen  to  terminate  at  one 
common  point,  where  their  two  cur- 
rents accordingly  meet  (as  indicated 
by  the  arrows),  in  the  cavity  termed 
the  right  auricle  of  the  heart,  r  a.  The 
venous  blood,  being  the  proper  sti- 
mulus of  the  auricle,  causes  it  imme- 
diately to  contract,  and  the  necessary 
result  is  the  propulsion  of  its  con-  j 
tained  blood,  in  the  direction  of  the 
arrow,  through  the  opening  o,  into 
the  triangular-looking  cavity  called 
the  right  ventricle,  rv.   The  right  ven- 
tricle is  now  in  its  turn  stimulated  to 
f)Owerful  contraction,  and,  as  a  valve 
at  o  2)revents  the  return  of  the  blood 
into  the  auricle,  the  current  must  once 
more  flow,  in  the  direction  of  the 
arrow,  into  the  large  vessel  seen  at  its 
upper  corner,  and  called  the  pulmo- 
narg  (or  lung)  artery.    This  artery  di» 
vides  into  two  branches,  a.p.,  a.p.,  one 
going  to  each  of  the  two  lungs,  and 
spreads  through  their  substance  in 
endless  ramifications  of  infinite  mi- 
nuteness,  resembling   the  capillary 
vessels  already  described.    These  mi- 
nute capillaries  are  ramified  exten- 
sively upon  the  delicate  lining  mem- 
brane of  the  innumerable  air-cells  of 
the  lungs  ;  and  it  is  while  circulating 
through  them  that  tlie  dark  blood,  by 
absorbing  oxygon  from  the  inhaled 
air  and  giving  out  its  carbon  in  the 
form  of  carbonic  acid,  becomes  con- 
verted into  arterial  blood. 

To  an  uninformed  person,  it  may- 
seem  impossible  that  any  chemical 
action  should  take  place  between  the 
blood  and  the  external  air  when  the 
membranous  structure  of  the  air-cells 
is  interposed  between  them.  This, 
however,  as  we  have  already  seen, 
forms  no  obstacle  to  the  requisite 
changes  taking  place,  for  it  is  found 
by  experiment  that  venous  blood  is 
acted  upon  by  the  air  even  through 
the  thick  and  firm  texture  of  blad- 
der. Of  late  years,  the  researches 
of  Dutrochet  and  others  have  shewn 
that  both  living  and  dead  tissues  give 
passage  to  gases  and  fluids  by  that  pe- 
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culiar  interchange  of  particles  which 
we  described  on  page  44  under  the 
designation  of  eHdosmoi>is  and  exos- 
mosis — processes  which  play  a  part  in 
many  phenomena  previously  supposed 
to  be  of  a  purely  vital  character.  Not 
only,  indeed,  does  the  membrane  of 
the  air-cells  present  no  obstacle  to  the 
changes  alluded  to,  but  it  also  gives 
passage  to  a  large  quantity  of  watery 
vapour  which  is  visible  in  the  breath 
thrown  out  by  the  lungs.  But  as  this 
part  of  the  subject  will  come  to  be 
considered  more  fully  when  treating 
of  respiration,  I  shall  now  leave  it, 
and  proceed  to  trace  the  course  of  the 
blood  onwards  to  our  original  starting 
point. 

The  venous  blood,  being  thus  recon- 
verted into  arterial  in  the  capillaries 
of  the  air-ceUs,  proceeds  onwards  into 
another  set  of  equally  minute  vessels, 
corresponding  to  the  venous  capil- 
laries of  the  general  circulation.  In 
these  the  blood  is  observed  to  have 


resumed  its  florid  red  colour,  and  to 
have  changed  its  direction.  It  is  now 
transmitted  from  very  minute  to 
larger  and  larger  branches,  till  the 
latter  at  last  coalesce,  and  form  the 
large  venous  trunks  called  the  ptdmo- 
nary  veins,  v.p.,v.p.,  in  fig.  7.  These 
veins  collect  all  the  newly  arterialized 
blood  from  the  two  lungs,  and  convey 
it  to  the  left  auricle  of  the  heart,  l.a., 
by  the  contraction  of  which  it  is  once 
more  transmitted  to  the  point  fi'om 
which  we  started,  namely,  the  left  ven- 
tHch,  l.v. 

This  transmission  of  the  venous 
blood  from  the  right  side  of  the  heart 
through  the  lungs,  and  back  to  the 
left  side  of  the  heart  in  the  form  of 
arterial  blood,  is  called  the  pulrtionic 
or  lesser  circulation,  to  distinguish  it 
from  that  through  the  body  formerly 
described  as  the  general,  systemic,  or 
larger  circulation ;  and  their  objects, 
it  will  be  observed,  are  quite  distinct. 
The  use  of  the  pulmonic  circulation  is 


Pig.  9. 


the  systemic  is  the  support  and  nutri- 
tion of  every  part  of  the  body ;  and 
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accordingly  the  lungs  themselves  re- 
ceive branches  for  tlicir  <iwn  mUrition 
from  the  vessels  of  the  systemic  circu- 
lation. There  is  thus,  projjerly  speak- 
ing, a  double  circulation  in  man  and 
the  more  perfect  animals  ;  and  as\itis 
essential  that  the  reader  should  clearly 
understand  this  arrangement,  I  insert 
a  diagram  (fig.  9)  in  which  the  two 
cii'culations  are  represented  as  entirely  i 
distinct,  and  the  heart  as  if  consisting 
of  iwoseparcUG  halves.  In  that  diagram, 
the  appearance  of  the  heart  and  the 
distribution  of  tlievesscls  are, of  course, 
artificial  and  diffei-ent  from  what  is 
seen  in  nature,  but  they  will  give  a 
correct  idea  of  the  distinction  between 
the  systemic  and  tlie  ^Julmonic  circu- 
lations. 

Starting  as  before  from  the  hft  ven- 
tricle, I,  the  arterial  blood  passes  into 
the  aorta  at  a,  and  is  thence  distributed 
by  the  arteries,  a,  a,  which  branch  out 
as  already  described  till  they  terminate 
in  the  very  minute  capillary  ramifica- 
tions, cap.  These  arterial  capillaries 
are  seen  to  join  with  the  equally  minute 
venous  capillaries,  which  coalesce  into 
larger  and  larger  branches  of  veins, 
till  at  length  they  form  the  two  as- 
cending and  descending  vence  cavae,  v  v, 
which  terminate  at  the  right  auricle  of 
the  heart.  This  includes  tlie  wliole  of 
the  systemic  circulation.  \n  the  dia- 
gram, it  is  represented  by  the  upward 
and  dounward  vessels,  and  the  course 
of  the  blood  is  indicated  by  the  direc- 
tion of  the  arrows. 

Arrived  at  the  right  auricle,  the  ve- 
nous blood  passes  into  the  right  ven- 
tricle, r,  from  which,  as  indicated  by 
the  bent  arrow,  it  is  propelled  into  the 
pidmonary  artery,  a  p  and  75  a,  to  be 
distributed  to  the  two  lungs.  In  one 
sense  it  is  a  misnomer  to  call  it  an  ar- 
tery, as  it  contains  venous  blood  ;  but 
it  has  received  that  name  partly  from 
its  structure,  and  partly  from  its 
bearing  the  same  relation  to  the  right 
ventricle  which  the  aorta  does  to  the 
left,  and  from  its  branching  out  into 
smaller  and  smaller  ramifications  just 
as  an  artery  does.  On  arriving  at  the 
pulmonary  capillaries, the  venous  blood 
regains  its  florid  colour  and  life-sup- 
porting  properties,   and   is  thence 


collected  by  the  venous  capillaries 
which  coalesce  into  larger  and  larger 
branche.s,  and  ultimately  unite  to  form 
the  pulmonary  veins,  v  p  and  p  v, 
which,  as  formerly  mentioned,  trans- 
mit the  now  arterial  blood  into  the  left 
auricle  of  the  heart,  and  thence  into 
the  left  ventricle,  I,  from  which  we 
started. 

Here  it  is  necessary  also  to  explain, 
that  the  pulmonary  veins,  although 
containing  arterial  blood,  take  the 
name  of  veins  from  their  structure  and 
mode  of  distribution. 

This  shorter  course  is  called  t\\epul- 
monic  or  lesser  circulation,  and  in  the 
diagram  it  is  represented  by  the  ves- 
sels branching  out  horizontally  to  the 
right  and  left  where  the  lungs  are 
supposed  to  be.  The  sole  object  of 
this  circulation  is  the  aeration  of  the 
venous  blood,  and  consequently  it  va- 
ries in  the  different  classes  of  animals, 
according  to  the  mode  in  which  the 
aeration  is  effected. 

The  total  amount  of  blood  has  been 
estimated  by  Valentin  at  about  a  fif'th 
of  the  weight  of  the  body  ;  so  that,  as- 
suming with   Quetelet   the  average 
weight  of  a  man,  between  thirty  and 
forty  years  of  age,  to  be  170-5  lbs. 
troy,  his  blood  would  amount  to  about 
39  lbs.*    If,  now,  we  suppose  that  the 
heart  contracts  seventy  times  in  a  mi- 
nute, and  that  each  contraction  pro- 
pels two  ounces  of  blood,  it  follows 
that  the  whole  mass  of  blood  will 
complete   the    circulation    in    three  | 
minutes.     Valentinf    is    of  opinion  ^ 
that  two  minutes  arc  sufficient,  and  i 
other  inquirers  give  even  a  shorter 
period.    The  question  is  one  of  consi- 
derable difficulty,  but  an  idea  of  the 
rapidity  of  the  circulation  may  be 
obtained  by  injecting  a  solution  of 
prussiate  of  potash  into  a  vein,  and 
noting  the  period  which  elapses  before 
it  can  be  detected  in  the  blood  of  dis- 

*  The  quantify  of  blood  is  not  generally 
reckoned  so  high.  "VVeber  and  Lehmann 
estimated  it  at  about  8-5  kilogrammes 
(22-7S  lbs.  troy)  from  experiments  on  the 
bodies  of  two  beheaded  malefactors.  See  ' 
Lehmann,  Lehrbuch  der  Phys.  Chemic.Yol. 
ii.,  p.  259. 

t  Lehrbuch,  vol.  i.,  p.  502.  ' 
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tiint  vessels.  If  the  solution  be  injected 
into  the  jugular  vein  of  a  horse,  the 
salt  may  be  detected  in  the  blood  of 
the  femoral  vein  in  about  twenty  or 
twenty-tive  seconds,  thereby  shewing 
that  in  this  almost  incredibly  short 
period  the  blood  passes  through  the 
right  side  of  the  heart  —  thence 
through  the  lungs  to  the  left  side  of 
the  heart — further,  along  the  whole 
course  of  the  aorta  and  part  of  the 
arteries  of  the  leg  —  and  finally 
through  the  capillaries  into  the  femo- 
ral vein.  In  early  life  the  pulsations 
of  the  heart  are  much  more  rapid  than 
in  mature  age.  In  the  new-born  in- 
fant they  amount  on  an  average  to 
136  in  the  minute,  in  the  child  of  nine 
years  to  88,  and  in  the  adult  to  70. 
Thus  the  heart  of  the  adult  beats 
100,800  times  in  twenty-four  hours, 
while  that  of  the  infant  beats 
195,840  times.  It  is  worthy  of  notice 
that  the  position  of  the  body  has  some 
effect  on  the  number  of  the  pulsations, 
which  are  generally  10  or  12  more 
per 

lying- 
There  still  exists  amongphysiologists 

considerable  difference  of  opinion  as 

to  the  cause  of  the  motions  of  the  heart; 

some  looking  upon  its  contractions  as 


minute  in  a  person  who  is  sit- 
or  standing  than  in  one  who  is 


the  resultof  a  reflexactioii  jiroduccdbv 
the  contact  of  the  blood,  while  others 
consider  them  to  depend  on  nervous 
power  coming  spontaneously  from  the 
nervous  centres  of  organic  life.  When 
the  h(-artof  a  frog  or  a  fish  is  cut  out  and 
placed  upon  the  table,  it  continues  to 
beat  sometimes  for  several  hours;  and 
this  phenomenon  shews  that  its  action 
does  not  spring  from  the  brain  or  spi- 
nal cord,  although  we  know,  from  the 
palpitations  produced  by  mental  emo- 
tion, that  to  a  certain  extent  the  heart 
is  under  the  influence  of  the  brain.  The 
weight  of  evidence  at  present  tends  to 
prove  that  its  motions  depend  on  the 
stimulus  of  the  blood,  which  in  the 
excised  heart  is  replaced  by  the  con- 
tact of  the  air;  and  Tiedemann  has 
shev/n  that  the  contractions  cease  in 
vacuo,  but  recommence  when  air  is 
again  admitted  :  *  it  remains  doubtful, 
however,  whether  the  contractions  are 
produced  by  the  application  of  the 
stimulus  directly  to  the  muscular 
fibres,  or  indirectly  through  the  me- 
dium of  the  nerves  which  are  enclosed 
in  the  muscular  tissue.  It  would  far 
exceed  our  limits  to  enter  upon  the  dis- 
cussion of  this  question,  which  more- 
over is  not  of  that  practical  character 
which  is  the  principal  object  of  this 
work. 


Fig.  10. 


Having  now  seen  the  course  of  the 
blood  throughout  both  circulations,  the 


reader  will  be  able  easily  to  understand 
•*  Muller's  Archiv.    1847.    P.  490. 
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,  the  prefixed  figure,  representing  the 
j  luugs  L  L  L  L,  heart  11,  and  larger 
j  blood-vessels  connected  with  them  in 
I  Jiearly  their  natural  situations.  The 
letters  L.V.  indicate  our  original  start- 
ing-point, the  left  ventricle  of  the 
heart,  A. A.  the  aorta,  V.C.A.  and 
V.C.r.  the  vena;  cavw  returning  the 
venous  blood  to  the  right  auricle  R.A. 
and  right  ventricle  li.V.  From  the 
upper  part  of  this  ventricle,  the  pul- 
monary artery  P. A.  may  be  traced  to 
the  root  of  each  lung.  The  pulmonary 
veins  P.V.  bring  the  blood  back  from 
the  lungs  to  the  left  auricle  L.A.,  from 
which  it  is  once  more  tlirown  into  the 
left  ventricle  L.V.,  to  be  redistributed 
and  run  the  same  course  as  before. 

It  is  a  curious  fact,  that  in  all  the 
warm-blooded  animals  which  have 
hitherto  been  made  the  subject  of  in- 
vestigation, the  blood  is  propelled 
through  the  arteries  with  nearly  the 
same  degree  of  force.  The  strength 
of  the  current  of  the  blood  has  been 
estimated  in  various  animals  by  intro- 
ducing a  tube  into  one  of  the  prin- 
cipal arteries,  and  ascertaining  the 
height  of  the  column  of  mercury  or 
water  which  the  pressure  of  the  blood 
is  able  to  sujjport.  According  to  the 
experiments  of  PoiseuiUe,  the  foi'ce  of 
the  current  of  blood  in  the  arteries  of 
a  horse  and  of  an  ox,  is  equivalent  to 
the  weight  of  a  column  of  mercury 
of  about  six  and  one-third  inches  in 
height,  and  in  the  arteries  of  a  dog  to 
a  column  of  about  six  inches.  Prom 
these  and  other  experiments,  it  is  pre- 
sumed that  the  blood  is  propelled  in 
the  arteries  of  man  with  a  force  equi- 
valent to  the  weight  of  a  column  of 
mercury  rather  more  than  six  inches 
in  height,  or  of  a  column  of  water 
seven  feet  high.  This  force,  however, 
Is  not  constant,  but  varies  with  the 
respiration ;  increasing  with  expira- 
tion, and  diminishing  when  air  is  in- 
haled. Expiration,  thei-efore,  assists 
the  heart  in  propelling  the  blood  ;  and 
in  accordance  with  this  fact,  every 
one  must  have  remarked  how  much 
the  pain  of  headache  is  increased  by 
a  fit  of  coughing,  which  tends  to  aug- 
ment the  flow  of  blood  to  the  brain. 
At  first  sight  it  may  seem  improbable 


that  the  large  and  powerful  heart  of 
the  horse  should  not  propel  the  cur- 
rent of  blood  with  greater  power  than 
the  small  heart  of  the  dog.  But  it 
should  be  remembered,  that  the  quan- 
tity of  blood  is,  in  the  latter,  propor- 
tional to  the  size  of  the  animal,  and 
that  hence  a  smaller  heart  is  required 
for  its  propulsion.  The  heart  of  the 
animal  is  thus  always  in  proportion 
to  the  quantity  of  blood  to  be  pro- 
pelled, and  to  the  size  of  the  arteries 
which  convey  it.  AVhen  this  relation 
is  disturbed,  either  by  increased  or 
diminished  power  of  the  heart,  the 
normal  condition  no  longer  exists,  and 
a  state  pregnant  with  more  or  less 
danger  supervenes.  If  the  power  of 
the  heart  be  increased,  the  blood  is 
propelled  with  a  force  which  may 
break  down  the  walls  of  the  blood- 
vessels, especially  those  of  the  brain, 
thus  giving  rise  to  apoplexy ;  while 
if  it  be  diminished,  the  body  is  ren- 
dered incapable  of  undertaking  the 
active  duties  of  life,  from  the  heart 
being  unable  to  propel  the  blood  in 
sufficient  quantities  to  sustain  the 
vigour  of  the  various  organs.  In  such 
cases  syncope  or  fainting  not  unfre- 
quently  arises  from  the  brain  receiving 
an  imperfect  supply  of  blood. 

When  an  artery  is  wounded,  the 
blood  springs  forth  immediately  in 
intermitting  jets,  caused  by  the  inter- 
mitting contractions  of  the  heart,  and 
exerting,  as  we  have  seen  above,  a 
force  equivalent  to  the  weight  of  a 
column  of  water  seven  feet  high.  But 
in  the  passage  of  the  blood  through 
the  capillaries,  its  intermitting  pro- 
pulsive power  becomes  equalized,  so 
that  when  a  vein  is  opened,  it  no 
longer  springs  forth  in  jets,  but  flows 
in  a  continuous  stream.  The  force  of 
the  venous  current  is  much  inferior 
to  that  of  the  arterial,  scarcely  amount- 
ing to  a  tenth  of  the  latter.  The  prin- 
cipal reasons  of  this  loss  of  power  lie 
in  the  arterial  force  being  expended 
in  the  passage  of  the  blood  through 
the  capillaries,  and  in  the  increased 
channel  afforded  to  the  venous  blood 
by  the  greater  number  of  veins. 
Hence,  when  a  vein  is  wounded,  it  is 
comparatively  easy  to  stoj)  the  eflTu- 
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sion  of  blood  by  pressure  over  the 
wound,  as  the  blood  readily  passes  by 
another  channel.  When,  however,  all 
the  veins  of  a  limb  are  tied,  excepting 
one  corresponding  with  the  artery,  the 
current  of  the  venous  blood  is  nearly 
as  strong  as  that  of  the  artcriai — 
thereby  showing  that,  in  the  normal 
state,  the  comparative  feebleness  of  the 
venous  circulation  is  caused  princi- 
pally by  the  increased  calibre  of  the 
veins.  The  reader  will  now  perceive 
why  Nature  has  been  so  much  more 
careful  in  protecting  the  arteries  than 
the  veins  from  risk  of  injury,  and 
why  it  is  found  so  much  more  ditHcult 
to  stop  bleeding  from  the  former  than 
from  the  latter. 

On  the  present  occasion,  it  would 
be  entirely  foreign  to  my  purpose  to 
enter  upon  a  detailed  or  scientific  in- 
vestigation of  the  properties,  sources, 
and  uses  of  the  blood.  My  principal 
object  has  been  to  enable  the  reader 
to  understand  the  wonderful  mecha- 
nism of  the  heart,  by  means  of  which 
the  circulation  is  unweariedly  and 
uninterruptedly  carried  on,  often  for 
the  period  of  eighty  or  ninety  years, 
and  to  give  him  some  general  ideas 
of  the  manner  in  which  the  blood 
affords  the  materials  for  the  secretions 
and  excretions.  In  the  next  chapter 
I  shall  return  to  this  subject  in  con- 
nection with  respiration,  and  mean- 
while proceed  to  offer  a  few  remarks 
of  a  general  nature  on  the  properties 
of  healthy  and  diseased  blood. 

If  the  term  vital  can  be  justly  ap- 
plied to  one  part  of  the  animal  eco- 
nomy more  than  another,  the  blood 
may  be  said  to  be  peculiarly  the  vital 
fiuid  of  the  body.  Not  only  is  it  the 
direct  support  of  life  in  all  other  or- 
ganized parts,  but  it  is  the  medium 
by  which  the  external  and  inanimate 
matter  contained  in  the  food  becomes 
organized  and  endowed  with  life.  On 
'  the  proper  qualities  and  due  renewal 
of  the  blood,  therefore,  the  health  and 
welfare  of  every  living  part,  and  of 
the  system  at  large,  must  essentially 
depend.  If,  from  defective  food  or 
bad  digestion,  the  blood  be  insuffi- 
ciently supplied  with  nourishing  ma- 


terial to  replace  its  waste,  the  general 
health  must  necessarily  suffer,  because 
every  organ  will  then  be  partially 
deprived  of  its  healthy  support  and 
stimulus.  If,  from  excessive  labour, 
the  waste  from  the  system  be  ren- 
dered excessive,  and  the  food  be  of 
merely  the  usual  quantity  and  quality, 
a  gradual  deterioration  of  health  will 
again  ensue,  because  the  proper  con- 
stitution of  the  blood  will  be  altered. 
In  like  manner,  if  the  food  be  innutri- 
tious  or  unwholesome  in  quality,  the 
formation  of  well-constituted  blood 
will  cease,  and  that  which  is  supiilied 
will  prove  insufficient  for  the  conti- 
nued preservation  of  health  and  life. 
Aud  again,  if  the  air  which  we  breathe 
be  ini])ure  or  of  an  unusual  tempera- 
ture, the  proper  aeration  of  the  blood 
in  the  lungs  will  be  prevented,  and 
the  blood,  consequently,  be  rendered 
partially  unfit  for  its  destined  pur- 
poses in  the  animal  economy,  aud  the 
health  become  impaired. 

The  operation  of  these  various  in- 
fluences  is   most  apparent    in  the 
changes  produced  in  the  red  corpus- 
cles.   With  good  living  and  deficient 
exercise,  they  increase  to  such  a  degree 
as  to  oppress  the  system,  and  render 
it  prone  to  acute  inflammatory  dis- 
ease.   With  excessive  labour  and  de- 
ficient food,  on  the  contrary,  they  are 
reduced  much  below  the  natural  stan- 
dard, and  the  organism  thus  becomes 
deficient  in  energy,  and  liable  to  take 
on  a  morbid  action,  or  to  suffer  from 
any  injurious  influence  to  which  it 
may  be  exposed.     The  fibrin,  also, 
frequently  varies  from  the  healthy 
standard:  it  is  increased  in  inflam- 
matory diseases,  when  adhesion  be- 
tween various  tissues  is  consequently 
apt  to  be  produced ;  and  is  altered  in 
quality,  and  perhaps  diminished  in 
quantity,  in  putrid  fevers,  scurvy,  &c., 
in  which  maladies  the  blood  frequently 
loses  its  property  of  coagulation,  and 
acquires  the  power  of  traversing  the 
walls  of  the  capillary  vessels,  some- 
times escaping  from  the  surface  of  the 
mucous  membranes  in  quantities  suffi- 
cient to  prove  dangerous  to  life.  The 
inorganic  elements  of  the  blood  are 
likewise  essential  to  the  well-being  of 
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the  system  ;  for  when  they  are  defi- 
cient, the  hones,  and  alFO  the  other  : 
tissues,  are  inadequately  nourished, 
and  rickets  and  scrofula  ensue. 

As  a  general  rule,  the  proportion 
of  the  solid  materials  to  the  water  of 
the  blood  is  dirainislied  in  chronic 
maladies,  and  according  to  Le  Canu 
this  is  found  also  to  be  the  case  in  in- 
dividuals of  lymphatic  temperament, 
when  compared  with  others  of  more 
robust  constitution.  Indeed  the  expe- 
riments of  Prevost  and  Dumas  have 
shewn  that  the  greater  the  proportion 
of  the  solid  materials  of  the  blood,  the 
more  energetically  are  the  functions 
of  life  carried  on.  In  accordance  with 
this  observation,  it  is  found  that  the 
weight  of  the  clot  of  an  equal  quantity 
of  blood  is  much  greater  in  warm- 
blooded animals  than  in  reptiles  or 
fishes. 

In  society,  examples  of  departures 
from  the  physiological  or  healthy  stan- 
dard  of    the    blood  unfortunately 
abound.    Among  the  poor,  how  many 
thousands  constantly  suffer  from  their 
blood  being  impoverished  by  insuffi- 
cient food,  joined  to  excess  of  labour 
and  impurity  of  air  !  How  many  also, 
even  among  the  rich,  have  ill-consti- 
tuted blood    flowing  in  their  veins 
owing  to  impaired  digestion  or  excess 
in  regimen  I  Of  the  influence  of  in- 
nutritious  or  indigestible  food  on  the 
qualities  of  the  blood,  we  have  fami- 
liar examples  in  the  eff"ects  of  the  pro- 
longed use  of  salt  provisions  in  pro- 
ducing scurvy  and  altering  the  state  of 
all  the  circulating  fluids.    The  in- 
fluence of  a  scanty  diet  also  is  visible 
in  the  unhealthy  condition  of  the  in- 
mates of  some  of  our  workhouses.  Not 
to  speak  vaguely,  I  may  refer  to  the 
condition  of  the  children  in  the  West 
Church  Charity-Workhouse  at  Edin- 
burgh in  1838.    Fifty  of  them,  being 
one-fourth  of  the  whole  number,  were 
then  afflicted  with  scrofulous  ophthal- 
mia; 17  died  consumptive  within  seven 
months,  and  there  were  36  cases  of 
fever.    An  inquiry  into  the  causes  of 
this  unusual  sickness  and  mortalitv 
proved  the  evils  to  have  proceeded 
from  inadequate  diet  and  clothing,  and 
an  immediate  improvement  followed 


a  more  liberal  allowance  of  food.*  A 
similar  instance  is  mentioned  by  Mr 
Combe  in  his  ^otcs  on  the.  United  States 
of  America  (vol.  ii.,  p.  2.53),  when  de- 
scribing the  asylum  for  coloured 
orphans  at  New  York.  Out  of  between 
50  and  GO  inmates,  no  fewer  than  15 
died  within  eighteen  months,  while 
many  more  suffered  from  disease.  On 
examination,  these  results  were  found 
to  be  chiefly  owing  to  a  defective  diet ;  j 
and  on  this  cause  being  removed,  a 
year  passed  without  the  occurrence  of 
a  single  death  !  The  fearful  i*avages 
which  the  cholera  committed  in  1849 
among  the  children  at  Tootingt  were 
also,  in  the  opinion  of  the  medical 
witnesses,  in  some  measure  due  to  tlic 
scantiness  of  the  diet  having  lowered 
the  tone  of  their  systems.  But  for  the 
farther  elucidation  of  this  subject,  I 
must  refer  the  reader  to  my  work  on  j 
Diffestion  and  Diet. 

Of  the  deteriorating  influence  of  im- 
pure air  upon  the  healthy  constitution 
of  theblood,  proofs  everywhere  abound; 
but  as  these  Avill  be  fully  considered  in 
the  next  chapter,  when  treating  of  the 
function  of  respiration,  it  is  needless  to 
enumerate  them  here. 

Aided  by  these  remarks,  the  reflect- 
ing reader  will  be  able  to  appreciate 
the  powerful  and  direct  influence  which 
the  good  or  bad  condition  of  the  blood 
exercises  upon  the  general  health  and 
vigour.    Where,  from  neglect  of  the 
organic  laws,  the  constitution  of  the 
blood  has  become  impaired,  bad  health 
will  never  be  far  distant ;  and,  on  the 
contrary,  where  all  the  conditions  for 
the  formation  of  good  blood  are  ful- 
filled, the  greatest  facilities  which  the 
system  can  still  afford  for  the  recovery 
of  health  will  undoubtedly  be  enjoyed. 
Let  those  who  are  not  aware  of  the  ex- 
tent of  this  influence,  consider  what 
occasionally  occurs  in  disease,  and  they 
will  obtain  a  more  correct  idea  of  the 

*  Chambers'  Edinburgh  Journal,  2d  and 
l!)tli  February  183'J. 

+  The  establishment  contained  1400  pau- 
per children ;  300  were  attacked  and  180 
died,  and  this  at  .a  time  when  uo  case  had 
occuiTed  in  the  neighbourhood. 
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fact.  Cases  are  not  wanting,  for  ex- 
ample, in  which  women  in  childbed, 
apparently  at  the  gates  of  death  from 
loss  of  blood,  have  been  resuscitated 
and  ultimately  restored  to  health,  by 
having  blood  from  a  healthy  person 
transfused  into  their  veins.  In  cholera, 
also — in  which  the  blood  almost  ceases 
to  circulate,  and  undergoes  a  greater 
change  than  in  perhaps  any  other  dis- 
ease, being  dark  and  thick  even  in  the 
arteries — an  extraordinary  and  instan- 
taneous resuscitation  has  been  observed 
to  follow  the  injection  of  a  largely  di- 
luted solution  of  soda  into  the  veins.  In 
many  cases  in  wiiich  this  remedy  was 
tried  by  the  late  Dr  Mackintosh,  the  pa- 
tients lay  without  perceptible  sense  or 
motion,  almost  as  if  already  dead  ;  and 
yet  before  the  whole  of  the  fluid  was 
injected,  they  were  sitting  up  in  bed 
talking  and  apparently  well.  The 
effect,  unfortunately,  was  not  perma- 
nent, for  in  most  of  them  the  fluid  was 
drained  off  by  the  bowels  in  a  short 
time,  and  collapse  again  ensued.  But 
it  was  nevertheless  sufficient  to  shew, 
in  a  striking  manner,  how  much  the 
whole  animal  machine  is  under  the  in- 
fluence of  the  blood,  and  how  directly 
it  is  affected  by  any  change  in  the  qua- 
lities of  that  fluid. 

The  original  formation  of  well-con- 
stituted nourishing  blood,  and  the  pro- 
per reconversion  of  venous  into  life- 
sustaining  blood,  are  thus  seen  to  be 
most  important  processes,  not  only  in 
the  preservation  and  restoration  of 
health,  but  in  enabling  all  the  organs 
of  the  body  to  work  with  efficiency  and 
vigour.  Even  the  intellect,  the  affec- 
tions, and  the  dispositions  are  directly 
influenced  by  the  good  or  bad  quality  of 
the  blood ;  because  the  co-operation  of 
the  nervous  system  is  indispensable  to 
the  action  of  the  mental  faculties,  and 
consequently,  when  the  brain  is  im- 
perfectly sustained  by  the  blood,  their 
tone  and  activity  also  become  reduced. 
Many  of  the  anomalous  nervous  dis- 
eases, to  which  especially  females  are 
subject,  have  their  origin  in  a  diseased 
condition  of  the  blood,  generally  pro- 
ceeding from  a  diminished  number  of 
the  red  corpuscles.  Of  this  fact  the 
blanched  lip  and  pale  sickly  counte-  | 
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nance  arc  sufficient  evidence  ;  yet  it  is 
not  unusual  to  attempt  to  remove  the 
headaches  which  frequently  accomjjaiiy 
this  morbid  state,  by  withdrawing 
blood  by  the  lancet  or  leeches,  because 
temporary  relief  occasionally  follows 
such  procedure.  No  mistake  can  be 
greater,  as  is  abundantly  proved  by 
the  numerous  victims  who  mourn  over 
health  thus  jierraanently  destroyed. 
The  red  globules  being  the  carriers  of 
oxygen,  and  consequently  in  a  great 
measure  the  e.xcitors  of  vital  action, 
their  further  diminution  by  bleeding 
can  only  add  to  the  mischief. 

On  the  healthy  condition  of  the 
blood,  then,  depends  the  healthy  ac- 
tion of  every  organ  of  the  body.  Con- 
vinced of  this  truth,  the  reader  cannot 
fail  to  perceive  how  jjernicious  must  be 
the  habit  of  altering  its  normal  composi- 
tion by  the  habitual  use  of  large  quan- 
tities of  spirituous  liquors.  Liquids 
when  received  into  the  stomach  are 
speedily  absorbed  by  the  capillary  ves- 
sels of  the  mucous  membrane,  and  pass 
directly  into  the  blood,  immediately 
afiecting  its  composition  by  the  addi- 
tion of  a  foreign  and  abnormal  ingre- 
dient.   Thus  altered,  it  is  no  longer 
in  a  condition  to  afford  healthy  nutri- 
ment to  the  various  organs,  on  all  of 
which  it  exerts  an  injurious  influence, 
which  is  however  most  apparent  in  its 
action  on  the  nervous  system,  from  the 
directness   of  the  effects  produced. 
Ruined  digestion,  liver-disease,  para- 
lysis, weakened  intellect,  and  pervert- 
ed affections,  are  among  the  more  fre- 
quent results  of  indulgence  in  the  use  of 
spirits.    This  subject  we  shall  have  oc- 
casion to  consider  when  treating  of  the 
nervous  system;  at  present  it  is  enough 
to  have  shewn  how  deep  an  interest  we 
all  have  in  making  ourselves  acquaint- 
ed with,  and  fulfilling,  all  the  .condi- 
tions  required  for  the  formation  of 
healthy  blood.    Having  already  in  my 
other  work  fully  discussed  those  con- 
nected with  the  reception  and  digestion 
of  the  food,  it  now  only  remains  for 
me  to  explain  the  conditions  connected 
with  the  important  function  of  respira- 
tion.   This  I  shall  attempt  to  do  in  the 
following  chapter. 
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CHAPTER  X. 

THE  LUNGS,  THEItt  STRUCTURE  AND 
FUNCTIONS. — RESPIRATION  AND 
ITS  USES. 

The  word  resjyiration,  as  employed 
in  ordinary  conversation,  signifies  the 
mere  act  of  breathing,  or  of  inhaling 
and   expelling  air  from  the  lungs. 
{  But,  as  often  used  physiologically,  it 
t  designates  not  only  the  act  of  breath- 
ing, but  the  whole  series  of  pheno- 
mena connected  with  the  conversion 
of  venous  into  arterial  blood.    In  this 
latter  sense,  however,  the  terms  san- 
guification and  aeration  of  the  blood, 
also  in  general  use,  are  more  appro- 
priate in  themselves;  because,  while 
tiiey  apply  with  equal  accuracy  to  all 
classes  of  animals,  the  term  respiration 
is  almost  irrevocably  associated  in  the 
!  public  mind  with  the  existence  of  lungs 
— a  condition  which  is  so  far  from 
being  indispensable  to  the  process, 
that  in  fishes  and  many  of  the  less 
perfect  animals,  which  have  no  lungs, 
I  the  aeration  of  the  blood,  notwith- 
I  standing  this  want,  goes  on  with  the 
I  same  regularity  as  in  man. 
I      When  we  consider  the  variety  of 
i  circumstances  under  which  the  differ- 
ent classes  of  animals  exist,  it  becomes 
obvious  that  the  same  kind  of  appa- 
ratus could  not  possibly  serve  for  the 
aeration  of  the  blood  in  them  all. 
Lungs,  for  example,  are  admirably 
suited  for  man,  quadrupeds,  and  birds, 
which  live  and  breathe  in  the  atmo- 
spheric air,  and  die  when  immersed 
in  water  ;  but  they  would  be  very  ill 
adapted  for  fishes,  which  live  in  water 
and  perish  in  the  air.    Fishes,  there- 
fore, have  no  lungs  ;  but,  in  accord- 
ance with  their  mode  of  life,  they 
are  supplied  with  gills,  so  consti-ucted 
as  to  present  a  prodigious  extent  of 
surface  for  the  necessary  ramification 
of  the  capillary  blood-vessels,  and  for 
the  exposure  of  the  blood  contained 
in  them  to  the  contact  of  the  air  which 
is  intimately  mixed,  in  greater  or  less 
quajitity,  with  the  water  in  which  the 
animal  lives.    By  this  arrangement, 
!  the  same  changes  are  effected  in  the 


venous  blood  passing  through  the  gills 
of  fishes,  as  in  the  venous  blood  circu- 
lating through  the  lungs  in  the  higher  | 
classes  of  animals.  Water  is  necessary 
to  keep  the  gill-plates  separated  and 
floating,  so  that  tlie  blood  may  come  in 
contact  with  the  air  contained  in  it ; 
and  the  reason  why  fishes  die  when  re- 
moved from  the  water,  is  simply  that 
then  the  gill-plates  dry  and  cohere. 
The  power  which  some  fishes  possess  of 
existing  a  considerable  time  out  of  the 
water,  depends  chiefly  on  some  me- 
chanical modifications  of  the  branchial 
sacs,  which  enable  them  to  retain  a 
much  larger  quantity  of  water  than 
is  usual.* 

In  worms,  again,  and  other  animals 
of  a  similar  structure,  no  single  organ 
is  set   apart  for  the  conversion  of 
venous  into  arterial  blood.  The  requi- 
site changes  are  effected  in  small  sacs 
or  vesicles  commonly  placed  in  pairs 
along  the  back,  and  opening  upou  the 
surface  of  the  body  by  means  of  pores 
in  the  skin,  called  spiracula,  specially 
adapted  to  this  end,  and  whicli  can- 
not be  shut  or  obstructed  any  more 
than  the  real  lungs  or  gills,  without 
inducing   death.    "  In  the  common 
earth-worm  there  are  no  less  than  120 
of  these  minute  air-vesicles,  each  of 
which  is  provided  with  an  opening 
placed  between  the  segments  of  the 
body.     In  the  leech,  the  number  is 
reduced  to  sixteen  on  each  side,  which 
open  externally  by  the  same  number 
of  minute  orifices."  t    So  necessary, 
indeed,   is    atmospheric   air  to  the 
vitality  of  the  blood  in  all  classes  of 
animals,  and  even  to  plants,  that  its 
abstraction  inevitably  induces  death. 
A  fish  can  no  more  live  in  water  de- 
prived of  air,  than  a  man  can  do  in 
an  atmosphere  devoid  of  oxygen.  And 
thus  the  fish  requires  a  renewal  of  air, 
and  perishes  when  it  is  denied,  or 
when  the  air  is  expelled  from  the 
water  by  boiling,  exactly  as  man  would 
do  under  a  similar  deprivation.  In 

*  Owen's  Lectures  ou  the  Comparative 
Anatomy  of  the  Vertfcbrate  Animals,  vol.  i., 
p.  260. 

^  Smith's  Philosophy  of  Health,  vol.  ii., 
p.  29. 
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general,  respiration  is  performed  by 
the  circulating  apparatus  of  the  blood 
bringing  that  fluid  in  contact  with  the 
air  in  the  lungs,  gills,  or  air-vesicles; 
but  in  insects  we  find  the  relations 
between  the  sanguiferous  and  respira- 
tory systems  reversed,  and  the  air  dis- 
tributed by  means  of  a  vascular  system 
over  the  reservoirs  of  the  blood,  in- 
stead of  the  blood  being  distributed 
over  a  reservoir  of  air.  This  arranjre- 
ment  is  rendered  necessary  by  the 
absence  of  red  globules  in  the  blood 
of  insects.  As  already  explained,  these 
corpuscles  perform  the  oflTice  of  oxy- 
gen -  carriers,  and  accordingly  the 
energy  of  the  respiratory  process  in 
the  higher  animals  is  proportional  to 
their  number.  But  throughout  tlie 
whole  animal  kingdom,  we  find  that 
vital  energy,  and  activity  of  the  respi- 
ratory functions,  are  constantly  associ- 
ated. Thus,  in  cold-blooded  animals, 
where  respiration  is  low,  the  func- 
tions of  life  are  proportionally  lo'.v 
and  languid  ;  while  in  insects,  on  the 
Other  hand,  in  which  the  breathing 
organs  are  very  fully  developed,  the 
vital  energies  are  almost  inconceiv- 
able. The  wings  of  the  common  house- 
fly are  calculated  to  move  several 
thousand  times  in  a  second,  and  even 
the  swallow  cannot  match  the  dragon- 
fly in  flight.  The  latter,  says  Profes- 
sor Owen,  has  been  known  to  elude 
and  outstrip  its  swift  pursuer  of  the 
feathered  class.  The  oxygen  consumed 
by  insects  in  motion  is  accordingly 
very  great,  being  much  more  in  pro- 
portion to  their  size  and  weight  than 
in  any  other  animal.  A  hive  of  angry 
bees,  from  this  caase,  develope  an 
amount  of  heat  which  is  really  aston- 
ishing. 

An  apparent  exception  to  the  neces- 
sity of  respiration  occurs  in  the  case 
of  the  Entozoa,  or  those  ahiraals  which 
exist  in  other  animals.  To  this  class 
belong  the  intestinal  worms.  "  But, 
excluded  by  the  nature  of  their  abode 
from  the  immediate  influence  of  the 
atmosphere,  no  distinct  respiratory 
organ  could  be  expected  to  be  deve- 
loped in  them.  In  creatures  sur- 
rounded by,  and  having  every  part  of 
their  absorbent   surface   in  contact 


with  the  secreted  and  vitalized  juices 
of  higher  animals,  one  might  likewise 
have  anticipated  little  complexity  and 
less  variety  of  organization."^'  Their 
respiration,  in  short,  is  performed 
vicariously  by  the  animal  in  whose 
interior  they  live. 

In  man,  the  lungs  are  those  large, 
light,  elastic,  and  spongy  bodies, 
which,  along  with  the  heart,  com- 
pletely fill  the  two  lateral  cavities  of 
the  chest.  They  vary  much  in  size  in 
different  persons,  and,  as  the  chest 
is  framed  for  their  protection,  and 
moulded  on  their  form,  we  find  it 
either  large  and  capacious,  or  the  re- 
verse, according  to  the  size  which  the 
lungs  have  attained.  The  mechanism 
by  which  the  air  is  made  to  enter  the 
lungs,  is  at  once  simple  and  beautiful. 
The  thorax,  or  chest,  is  a  large  air- 
tight cavity,  with  moveable  walls 
formed  by  the  ribs  and  intercostal 
muscles,  and  closed  below  by  the  large 
transverse  muscle  called  the  diaphragm 
or  midriff,  which  separates  it  from  the 
cavity  of  the  abdomen.  The  ribs 
(fig.  11,  c  c  c)  are  attached  by  liga- 
ments to  the  spinal  column  bb,  start- 
ing from  which  they  gird  the  enclosed 
organs  as  with  hoops,  and  are  fastened 
in  front  by  cartilages  to  the  sternum 
or  breast-bone  a.  By  the  action  of 
the  muscles  of  inspiration,  the  ribs 
and  sternum  are  drawn  up,  and  thus 
the  diameter  of  the  chest,  and  conse- 
quently also  its  capacity, are  increased  ; 
while  this  increase  of  capacity  is  aided 
by  the  simultaneous  contraction  of  the 
diaphragm  depressing  the  floor  of  the 
cavity  of  the  chest.  (See  Figures  13 
and  16.)  It  is  owing  to  the  pressure 
exercised  on  tlie  bowels  by  the  descent 
of  the  diaphragm,  that  tlio  abdominal 
walls  bulge  outwards  during  inspira- 
tion. The  air  rushes  in  by  the  wind- 
pipe to  fill  the  additional  space,  and 
being  unable  to  enter  the  cavity  of  the 
chest  except  by  distending  the  lungs, 
it  thus  inflates  them,  and  keeps  them 
in  immediate  contact  with  the  walls  of 
the  chest.    The  cessation  of  the  mus- 

♦  Owen'8  Lectures  on  the  Invertebrkte 
Animals,  p.  43. 
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cular  contractions  just  mentioned,  in 
conjunction  with  tlie  action  of  antagon- 
istic muscles,  now  causes  the  chest  to 


regain  its  previous  condition,  and  the 
inspired  air  is  driven  out  or  expired. 
This  is  the  mechanical  act  of  respira- 


Fig.  11. 


4 


tion  in  its  simplest  form  ;  but,  under  j 
peculiar  circumstances,  many  other 
muscles  besides  those  commonly  desig- 
nated as  the  respiratory,  combine  to 
carry  it  on.  Occasionally,  indeed, when 
there  is  risk  of  suffocation, almostevery 
muscle  in  the  body  is  called  into 
violent  action,  to  assist,  in  some  way 
or  other,  in  the  inhalation  of  air. 
This  is  the  case,  for  instance,  in 
asthma — in  the  severe  paroxysms  of 
which  every  muscle  seems  strained, 
either  directly  to  expand  the  chest,  or 
indirectly  to  aid  in  its  expansion  by 
giving  fixed  points  for  the  action  of 
other  muscles. 

In  women  and  in  young  persons,  the 
lungs  are  less  developed  than  in  men 
and  adults,  and  hence  the  smaller 
breadth  of  shoulder  and  greater  nar- 
rowness of  chest  by  which  the  former 
are  characterized. 

In  fig.  10,  page  151,  we  have  al- 
ready seen  the  external  appearance  of 
both  lungs,  and  the  position  which 


they  occupy  relatively  to  the  heart 
and  large  blood-vessels.  The  substance 
of  which  they  are  composed,  consists 
of  bronchial  tubes,  air-cells,  blood-ves- 
sels, nerves,  exhalin(j  or  excreting  ves- 
seh,  absorbents,  and  the  areolar  mem- 
brane or  parenchyma  which  binds  all 
these  parts  together. 

The  appearance  and  distribution  of 
the  bronchial  tubes,  or  bronchi,  will  be 
understood  from  fig.  12,  in  which  the 
right  lung  L  is  represented  in  its 
natural  situation  in  the  right  cavity  of 
the  chest;  wliilc  on  the  left  side  thcr 
substance  of  the  lung  is  supposed  to 
be  removed,  leaving  only  the  bronchi 
(br,  br,  br,  br).  On  following  the  wind- 
pipe or  trachea  T  downwards  from 
the  neck,  we  find  it  first  dividing  into 
two  large  branches,  one  going  to  each 
lung,  and  then  subdividing  into  the 
innumerable  ramifications  br,  called 
the  bronchi.  The  bronchial  tubes, 
then,  are  merely  the  minute  subdivi- 
sions of  the  windpipe;  and  their  pur- 
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pose  is  to  convey  the  air  from  it  into 
the  air-cells  of  the  lungs. 

The  air-cells  are  very  minute  round- 


ed vesicles  or  bags,  smaller  than  pin- 
heads,  in  which  all  the  minute  ramifi- 
cations of  the  broncliial  tubes  termi- 


Pig.  12. 


nate.  They  arc  so  very  numerous, 
that,  when  fully  distended  by  air, 
they  seem  to  constitute  the  chief  part 
of  the  pulmonary  tissue.  Keil  esti- 
mates their  number  at  174,000,000, 
and  calculates  the  surface  they  pre- 
sent to  the  air  as  equal  to  21,900  square 
inches.  Lieberkuhn  rates  the  latter 
at  150  cubic  feet ;  and  Monro,  again, 
at  thirty  times  the  surface  of  the  hu- 
man body.*  The  diameter  of  each 
air-cell  is  stated  by  Hales  and  other 
physiologists  at  the  100th  part  of  an 
inch.  It  is  very  jjrobable  that  these 
estimates  are  incorrect ;  but  the  mag- 
nitude of  even  the  lowest  of  them  will 
give  the  reader  an  idea  how  great  the 
number,  and  how  vast  the  extent  of 
surface,  of  the  air-cells  must  really  be, 
to  warrant  such  calculations  being 
seriously  made  respecting  them. 

Numerous,  hov.ever,  and  closely 
compacted  as  the  air-cells  are,  they 
have  no  direct  communication  with 
each  other;  but,  according  to  lleiss- 
eisen,  a  small  artery,  with  its  accom- 
panying vein,  goes  to  each  of  them, 
and,  by  its  ramifications  upon  the  fine, 

*  Smith's  Philosophy  of  Health,  vol.  ii., 
p.  48. 


thin,  continuous  membrane  with 
which  they  are  lined,  forms  upon  it  a 
kind  of  network  of  capillary  vessels  ; 
and  it  is  while  circulating  through 
these  capillaries,  that  the  blood  under- 
goes the  change  from  the  venous  to  the 
arterial  state  by  its  reciprocal  action 
with  the  air  by  means  of  endosmosis 
and  exosmosis. 

The  bronchial  tubes,  but  not  the  mi- 
nute air-cells,  are  lined  throughout  by  a 
thin  and  delicate  membrane,  the  office 
of  which"  is  to  produce  a  mucous  se- 
cretion, and  prevent  the  canals  from 
being  dried  up  by  the  constant  pas- 
sage of  a  current  of  air.  In  certain 
states  of  the  membrane,  such  as  that 
occurring  in  the  disease  called  bron- 
chitis, the  quantity  of  mucus  is  greatly 
increased,  and  would  speedily  obstruct 
the  passage  of  the  air,  and  produce 
suffocation,  but  for  what  is  supposed 
to  be  a  special  provision  for  its  re- 
moval. The  mucous  membranes  of 
the  body  arc  all  covered  by  a  thin 
skin,  called  the  epithelium,  which  cor- 
res^jonds  to,  and  is  analogous  with, 
the  external  scarf-skin  or  epidermis. 
The  nature  of  the  epithelium  varies 
with  the  nature  of  the  organ  w^hich  it 
invests.    In  the  respiratory  passages 
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it  is  composed  of  an  iimumerable 
quantity  of  line  pellucid  blunt  pro- 
cesses, about  l-5000th  of  an  inch  long, 
which,  in  the  living  animal,  are  in  a 
state  of  incessant  vibration,  waving 
backwards  and  forwards  with  a  lash- 
inj^  movement,  and  performing  at  tlie 
same  time  a  lateral  motion  somewliat 
similar  to  the  feathering  of  an  oar. 
The  result  of  this  action  is  a  current 
in  a  definite  direction — -generally  to- 
wards the  external  orifice  ;  and  hence 
the  mucus  secreted  in  the  small 
bronchial  tubes  is  by  the  waving 
motion  of  the  cilia  (as  the  processes 
are  termed),  slowly  and  gradually 
propelled  into  the  windpipe,  where  it 
acts  as  a  foreign  body  and  jjroduces 
tickling,  which  is  speedily  followed  by 
coughing  and  expulsion  of  the  offend- 
ing matter.  It  is  possible  that  the  de- 
licate muscular  fibres  which  encircle 
the  bronchial  tubes  assist  in  the  pro- 
pulsion of  the  expectoration,  but  the 
chief  part  of  this  office  is  most  probably 
performed  by  the  cilia.  The  causes  of 
the  ciliary  motion  are  extremely  ob- 
scure. It  is  altogether  involuntary, 
and  continues  for  several  hours  after 
death,  or  even  after  removal  of  the 
rnCTous  membi'ane  from  the  body.  Its 

I'lT^however,  are  most  important ; 
fo  *?S4iis  motion  were  annihilated,  it 
seen,  '  probable  that  the  secreted  mucus 
would  gradually  fill  up  the  air-tubes, 
and  thus  cause  suffocation.  Some  phy- 
siologists are  of  opinion  that  the  ciliary 
motion  may  likewise  mechanically  pro- 
mote the  chemical  changes  which  take 
place  in  the  lungs,  by  preventing  the 
adhesion  of  a  layer  of  air  to  the  moist 
mucous  membrane,  and  thus  hindering 
the  reciprocal  diffusion  of  the  inhaled 
oxygen  of  the  air  and  the  carbonic  acid 
of  the  blood  ;  but  this  view  is  at  least 
very  doubtful,  as  in  the  minute  air- 
cells  where  the  oxygen  is  absorbed  and 
the  carbonic  acid  given  off,  the  epithe- 
lium is  no  longer  ciliary,  but  is  then 
composed  of  thin  flattened  scales. 

Blood-vessds  necessarily  form  a  large 
constituent  portion  of  the  substance  of 
the  lungs.  Besides  the  arteries  and 
veins  which  the  lungs  possess  in  com- 
mon with  other  parts  for  the  purposes 
of  nutrition,  they  have,  as  we  have  seen. 


the  large  pulmonary  arteries  and  veins, 
dividing  everywhere  through  their 
substance  into  innumerable  branches, 
which  convey  the  whole  blood  of  the 
body  to  and  from  the  capillaries  of  the 
air-cells.  Indeed,  from  the  rapidity 
with  which  the  blood  performs  its  cir- 
cuit through  the  body, in  about  two 
minutes,  and  the  quantity  which  con- 
sequently passes  through  the  lungs  in 
a  given  time  (being  certainly  not  less 
than  ten  pounds  in  a  minute),  it  is  clear 
that  the  vessels  of  these  organs  mut^t 
be  so  large  as  to  constitute  no  small 
jiortionof  their  tissue;  otherwise  such 
a  mass  of  blood  could  not  flow  through 
them  so  quickly. 

The  movements  of  resi^iration  are 
dependent  on  the  nervous  stimulus 
which  the  respiratory  muscles  receive 
from  the  medulla  oblongata,  which 
may  accordingly  be  described  as  the 
nervous  centre  of  the  respiratory  func- 
tion. We  cannot,  however,  satisfac- 
torily explain  in  what  manner  the 
nervous  stimulus  is  intermittent  or 
alternate ;  that  is,  how  at  one  moment 
it  causes  the  muscles  of  inspiration  to 
contract,  and  next  moment  is  directed 
to  those  of  expiration.  At  the  first 
glance  it  would  seem  probable  that  the 
action  is  of  a  reflex  nature,  dependent 
on  the  presence  of  black  and  red  blood 
alternately  in  the  lungs.  We  might 
suppose,  for  instance,  that  the  venous 
blood,  by  means  of  the  pulmonary 
nerves,  intimates  to  the  medulla  oblon- 
gata the  necessity  of  oxygenation,  and 
that  in  accordance  with  this  message 
a  mandate  is  issued  to  the  muscles  of 
inspiration  to  contract.  So  also  we 
might  fancy  the  arterial  blood  to  cause 
the  contraction  of  the  expiratory  mus- 
cles ;  or,  if  this  action  of  the  arterial 
blood  be  questioned,  we  might  suppose 
expiration  to  be  essentially  a  physical 
process,  dependent  on  the  chest  regain- 
ing its  previous  form  by  elasticity. 
But  this  theory  of  reflex  action  is  open 
to  serious  objections;  for  experiments 
on  animals  shew  that  respiration  con- 
tinues sometimes  for  days  after  section 
of  the  pneumogastric  nerves,  and  that 
violent  respiratory  eflForts  continue  to 
be  made  even  after  the  heart  and  lungs 
have  been  removed  from  the  body.  All 
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that  we  can  at  present  with  certainty 
affirm  is,  that  respiration  depends  on 
the  integrity  of  the  medulla  oblongata 
and  on  its  receiving  a  due  supply  of 
arterial  blood.  When  these  conditions 
are  fulfilled  a  constant  generation  of 
nervous  energy  takes  place,  which  is 
discharp;ed  in  alternate  currents  into 
the  inspiratory  and  expiratory  muscles. 
IIow  this  is  effected  remains  a  complete 
mystery,  and  it  would  serve  no  good 
purpose  to  consider  here  the  many 
theories  which  have  been  brought  for- 
ward to  explain  it. 

The  pi'ocess  of  respiration  is  entirely 
involuntary,  as  is  evident  from  its 
continuing  equally  whether  we  are 
,  asleep  or  awake.  We  are  able,  it  is 
true,  to  control  to  a  certain  extent 
the  respiratory  movements,  and  this 
power  is  the  source  of  much  enjoyment 
to  us,  for  without  it  we  should  be  in- 
capable of  modulating  the  voice,  and 
speech  would  become  most  disagreeably 
monotonous.  The  power  of  control, 
however,  cannot  be  carried  beyond  a 
certain  limit.  Man  cannot  by  any  effort 
of  his  will  stop  respiration  and  thus 
put  an  end  to  life.  The  nervous  energy 
which  continues  to  be  generated  by  the 
medulla  oblongata  finally  accumulates 
to  such  an  extent  as  to  overcome  the 
barrier  opposed  by  the  will,  and  respi- 
ration recommences  notwithstanding 
our  utmost  efforts  to  prevent  it.  It  has 
been  assumed  by  some  physiologists 
that  the  motions  of  respiration  are  kept 
up  by  the  feeling  of  the  necessity  to  re- 
spire, produced  on  theextremitiesof  the 
whole  nerves  of  the  body  by  the  venous 
blood  in  the  capillaries,  and  conveyed 
by  their  trunks  to  the  nciwous  centres. 
In  this  view  respiration  would  still  be 
a  reflex  action,  dependent,  not  on  the 
presence  of  black  blood  in  the  lungs 
only,  l)ut  on  its  pervasion  of  the  whole 
system.  In  support  of  this  theory  a 
remarkable  observation  by  Professor 
Nasse  of  Jfarburg  may  be  quoted.'-' 
This  physiolt)gist  found  that  when,  by 
pressure  on  the  aorta  of  a  pregnant 
bitch,  arterial  blood  was  prevented 
from  reaching  the  pups  in  the  womb, 

<*  Wagner's  HanUworterbuch  der  Phy- 
siologie,  vol.  !.,  p.  212. 


those  opened  their  mouths  and  snapped 
as  if  for  air  ;  thus  shewing,  he  con- 
cluded, that  the  presence  of  the  venous 
blood  is  the  stimulus  to  the  respiratory 
movement.  A  great  deal  might  be 
urged  both  for  and  against  this  view  ; 
but  the  discussion  would  be  out  of 
place  here,  and  we  shall  tlierefore  be 
ccmtent  to  clioose  the  simpler  view, 
that  the  respiratory  nervous  force 
emanates  from  the  medulla  oblongata, 
and  is  there  produced  by  the  spontane- 
ous action  of  that  organ.  In  cases  of 
threatening  suffocation  the  assistance 
of  the  voluntary  muscles  is  called  in 
to  carry  on  the  respiratory  movements ; 
and  in  extreme  cases  a  stimulus  seems 
to  be  reflected  from  the  medulla  ob- 
longata on  to  the  whole  tract  of  the 
spinal  cord,  as  almost  every  muscle  in 
the  body  appears  to  take  a  part  in  the 
struggle  to  respire.  Should  this  prove 
unsuccessful,  the  functions  of  the  me- 
dulla become  destroyed  by  the  black 
blood  which  now  begins  to  pervade  its 
substance  ;  the  mandate  to  contract 
ceases  to  be  issued  to  the  muscles,  and 
a  state  of  quiescence  succeeds  their 
jirevious  tumultuous  action.  To  recal 
life  at  this  stage  it  is  necessary  to  oxy- 
genate the  blood  by  artificial  disten- 
sion of  the  lungs,  so  as  to  impart  a  fresh 
stimulus  to  the  medulla.  In  aiding  to 
effect  this  purpose,  the  application  of 
electricity  is  frequently  of  the  greatest 
service. 

Although,  then,  respiration  is  in 
general  automatic,  it  occasionally  be- 
comes dependent  in  a  great  measure 
on  voluntary  effort,  and  is  .so  carried 
on  till  gradually  the  voluntary  mus- 
cles are  tired  and  worn  out,  and' 
the  blood  from  imperfect  oxygenation 
loses  its  vital  properties.  Accordingly, 
in  cases  of  narcotic  poisoning,  where 
the  powers  of  the  medulla  oblongata 
are  weakened,  it  becomes  of  para- 
mount importance  by  every  possible 
means  to  keep  the  patient  awake, 
so  that  respiration  may  be  assisted 
by  voluntary  effort.  In  sucli  cases 
death  is  to  be  feared  from  the  ina- 
bility of  the  medulla  to  issue  a  suffi- 
cient stimulus  to  the  respiratory  mus- 
cles ;   and  consequently,  if  respira- 
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I  tion  can  only  be  iirolonged  till  the 
poison  is  carried  out  of  the  system  by 
tlie  excretory  orj^ans,  the  life  of  the 
patient  is  preserved.  A  failure  of 
involuntary  respiration  is  occasionally 
seen  also  in  cases  "  of  extreme  debility, 
whether  from  excessive  fatigue  or  ex- 
citement, or  from  directly  depressing 
or  sedative  influences,  as  in  adynamic 
fevers.  A  person  in  this  state  is  too 
iveak  to  sleep  ;  for  the  medulla  partak- 
ing of  the  general  exhaustion,  cannot 

I  maintain  the  respiration  without  as- 
sistance from  voluntary  efforts.  Hence 
the  feeling  of  oppression  and  the  fre- 
quent sighing  which  banisli  all  repose ; 
or  if  sleep  do  occur  it  is  disturbed  by 
startings  and  fearful  dreams,  occasion- 
ed by  the  painful  sensations  of  imper- 
fect breathing.  ■><■  *  A  fatal  state 
of  sinking  has  sometimes  been  removed 
by  the  free  administration  of  ammonia, 
ether,  brandy,  and  other  stimulants ; 
but  the  best  proof  of  their  beneficial 
action  is  Avhen  they  procure  refreshing 
sleep,  which  in  itself  is  a  source  of 
renewed  power."* 

When  treating  of  tlie  skin  as  the 
seat  of  a  copious  exhalation  of  waste 
matter  from  the  system,  I  mentioned 
that  in  this  respect  the  lungs  are 
someM'hat  analogous  to  it,  as  they  also 
ai-e  the  seat  of  an  abundant  exhala- 
tion ;  of  which  ©very  one  must  be 
aware  who  has  observed  the  clouds 
of  vapour  issuing  from  a  horse's  nos- 
trils in  a  cold  day.  Even  when  in- 
visible this  exhalation  still  goes  on  ; 
the  proof  of  which  is  the  familiar  test 
of  holding  a  cool  mirror  near  tlie 
mouth  of  a  person  apparently  dead,  to 
ascertain  whether  breathing  has  en- 
tirely ceased.  The  quantity  of  watery 
vapour  thus  exhaled  by  an  adult  in 
24  hours,  has  been  estimated  by  Miiller, 
from  the  average  of  many  experi- 
ments, at  7963  grains,  or  nearly  sevcn- 
,  teen  oituccf.  As  a  general  rule  it  is 
i  equal  to  about  two-thirds  of  the  cuta- 
neous exhalation,  but  it  is  naturally 
I  dependent  on  the  amount  of  exercise 
and  on  the  nature  of  the  food.  Che- 

I 

I  *  Willi.ims'  Principles  of  Medicine,  2d 
I  edit.,  pp.  96-98-. 


mically  speaking,  its  origin  is  three- 
fold.   It  may  be  derived,  firstly,  from 
the  water  Avhich  is  introduced  as  such 
into  the  system  with  the  food,  or  which 
is  absorbed  from  the  air  by  the  lungs 
and  skin  ;   or,    secondly,    from  the 
water  which  is  formed  in  the  system 
by  the  union  of  the  oxygen  and  hydro- 
gen of  the  hydrocarbonates*  of  the 
food  during  the  metamorphoses  which 
they  undergo  in  the  body  ;  or,  lastly, 
it  may  be  derived  from  the  water  re- 
sulting from  the  union  of  the  oxygen 
of  the  inhaled  air  with  the  unncutra- 
lised  hydrogen  of  the  food.    The  first 
source  is  probably  always  the  great- 
est ;  but  the  second  must  add  materi- 
ally to  the  quantity  when  the  diet 
is  composed  principally  of  the  hydro- 
carbonates — and  the  thii'd  also,  where 
much  fat  or  alcohol  is  consumed,  or  in 
cases  of  starvation,  where  the  oxygen 
of  the  air  enters  into  combination  with 
the  carbon  and  hydrogen  of  the  ani- 
mal tissues.    The  pulmonary  exhala- 
tion is  thus  one  of  the  chief  outlets  of 
waste  matter  from  the  system  ;  and 
the  air  which  we  expel   from  the 
lungs  in  breathing  is  hence  vitiated, 
not  only  by  the  subtraction  of  its  oxy- 
gen, but  by  the  addition  of  carbonic 
acid,  and  of  watery  vapour  and  ani- 
mal effluvia.     In   some  individuals 
whose  bowels  are  habitually  disor- 
dered, this  last  source  of  impurity  is 
so  powerful  as  to  render  their  breath 
oflensive,  and  even  insupportable,  to 
the    bystanders.      The    presence  of 
these  effluvia  in  a  concentrated  form, 
is,  in  common  with  perspiration,  one 
of  the  cliief  sources  of  the  disagreeable 
sickening   smell  which    prevails  in 
crowded  rooms  ;   and  their  amount 
must  be  far  from  inconsiderable  if  re- 
liance may  be  placed  on  the  experi- 
ments of  M.  Barral,  who  found  tliat 
about  half  of  the  nfltrogen  contained  in 
the  food  is  given  off  ^ in  the  form  of 


■  The  hydroctirbonates  are  compounds  of 
cavbou  with  oxygen  and  hydrogen  in  the 
proportion  to  form  water ;  sucli  .ns  starcli, 
sug  iruni,  &e.  Their  carbon  unites  witli 
oxygen  to  form  cai-bonie  acid— the  oxygen 
■mid  liydrogen  pass  off  as  water. 


ABSORPTION  BY  THE  LUNGS. 


163 


gas  and  vupour  by  the  skin  and  lungs.* 
Kegnault  and  Reiset  also  found  that 
as  a  general  rule  small  quantities  of 
nitrogen  are  given  off  by  the  lungs, 
amounting  on  an  average  to  about 
"006  of  the  quantity  of  oxygen  con- 
sumed.f  Valentin  thinks  that  the 
jiulmonary  exhalation  bears  a  certain 
though  not  very  determinate  relation 
to  the  weight  of  the  body,  amounting 
to  about  l-36th  part  of  its  weight  in 
2i  hours.  X 

Absorption  takes  place  very  rapidly 
by  the  lining  membrane  of  the  air-cells, 
]  and  in  genei'al  much  more  easily  and 
rapidly  than  it  does  by  the  skin.  When 
a  person  breathes  an  atmosphere  load- 
ed with  fumes  of  spirits,  of  tobacco,  of 
turpentine,  or  of  any  other  volatile 
substance,  a  portion  of  the  fumes  is 
taken  up  by  the  capillary  vessels  of  the 
lungs  and  carried  into  the  system,  and 
there  produces  precisely  the  same  effects 
as  if  introduced  into  the  stomach:  dogs, 
for  example,  may  be  killed  by  being 
made  to  inhale  the  fumes  of  prussic  acid 
for  a  few  moments. 

The  absorbent  power  of  the  lungs 
has  recently  been  turned  to  practical 
account  in  bringing  the  system  speed- 
ily under  the  influence  of  anijesthetic 
agents  and  rendering  it  for  a  time 
insensible  to  pain.  This  application 
of  chloroform  is  one  of  the  greatest 
boons  which  i^ractical  medicine  has 
conferred  upon  suffering  humanity.  It 
has  deprived  the  surgeon's  knife  of  more 
than  half  its  terrors,  and,  judiciously 
managed,  goes  far  to  abolish  the  pains 
of  jiarturition.  But  the  same  absorb- 
ent power  from  which  these  benefits 
are  derived,  renders  the  lungs  a  ready 
inlet  to  contagion,  miasmata,  and  other 
poisonous  influences  diffused  through 
the  air  which  we  breathe.  Hence  ty- 
phus fever  is  much  more  easily  com- 
municated by  breathing  the  confined 
.  and  loaded  air  near  the  body  of  the 
patient,  than  even  by  touch.  Hence, 
also,  the  general  safety  of  the  atten- 
dants where  ventilation  is  sufficiently 

*  Aniiales  de  Cliimie  ct  de  Phvsique. 
February  1849.    P.  129. 
■f  Ihid.    April  1849. 
I  Lehrbrucli,  vol.  i.,  p.  03!'. 


observed ;  the  frequent  renewal  of 
the  air  diluting  and  carrying  off  the 
poison. 

The  parenchyma  of  the  lungs  is 
merely  the  substance  which  connects 
all  their  other  tissues  and  vessels  to- 
gether. It  may  thus  be  more  intelli- 
gibly described  negatively  than  posi- 
tively. That  part  of  the  pulmonary 
structure  which  does  not  belong  to  the 
bronchial  tubes,  air-cells,  bloodvessels, 
nerves,  glands,  exhalants,  or  absor- 
bents, is  parenchyma.  So  we  have 
parenchyma  in  the  liver,  in  the  kid- 
neys, and  in  other  organs  where  a 
similar  connecting  substance  is  re- 
quired. 

Having  now  given  a  general  idea  of 
the  structure  of  the  lungs,  let  us  next 
examine  the  changes  which  occur  in 
the  constitution  of  the  air  and  of  the 
blood  during  the  process  of  respiration, 
and  the  conditions  upon  which  these 
changes  depend. 

Atmospheric  air  consists  of  79  parts 
by  volume  of  nitrogen  gas,  21  parts  of 
oxygen,  and  a  very  small  quantity  of 
carbonic  acid,  amounting,  according 
to  Saussure,  to  not  more  than  4'15  in 
10,000  parts.  The  proportion  of  car- 
bonic acid  varies,  however,  in  different 
situations  ;  but  any  increase  beyond  6 
parts  in  10,000  must  be  regarded  as 
exceeding  the  normal  standard,  and  as 
due  to  impurity  of  the  atmosphere. 
The  small  quantity  of  ammonia  which 
seems  to  be  always  present  in  the  air 
we  may  here  disregard  ;  for  however 
important  it  may  be  to  vegetation,  it 
can  exercise  but  little  if  any  effect  on 
animal  life.  Such,  then,  are  the  in- 
organic principles  contained  in  the 
atmosphere,  and  such  is  its  composition 
when  in  a  state  of  purity.  But  "  the 
earth,  it  is  well  known,  is  surrounded 
by  an  atmosphere  of  organic  matter, 
as  well  as  of  oxygen,  nitrogen,  car- 
bonic acid,  and  watery  vapours.  This 
matter  varies,  and  is  constjintly  under- 
going transformations  from  organic 
into  inorganic  elements :  it  can  neither 
be  seen,  weighed,  nor  measured.  The 
chemists  cannot  yet  test  its  qualities. 
Liebig,  with  all  the  appliances  of  the 
Griessen  laboratory,  cannot  yet  detect 
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any  differonce  between  the  pure  air  of 
the  ^Mps  and  the  air  through  which 
the  hound  can  tell  a  hare,  a  fox,  or  a 
man  has  passed,  or  the  air  which  ob- 
servation shews  will  produce  small- 
pox, measles,  scarlatina,  hooping- 
cough,  dysentery,  cholera,  influenza, 
typhus,  plague.  These  matters  may  be 
either  in  a  state  of  vapour  that  is  elas- 
tic or  inelastic,  or,  like  water,  they 
may  exist  in  both  states.  They  are  most 
probably  in  the  state  of  suspension ; 
hang  like  the  smoke  in  cities  over  the 
places  in  which  they  are  produced,  but 
are  spread  and  driven  about  like  vesi- 
cular water  in  clouds.  A  stream  of 
aqueous  vapour  of  the  same  elasticity 
from  the  Atlantic,  passing  over  Eng- 
land, is  in  one  case  perfectly  trans- 
parent ;  in  another,  mist ;  in  another, 
rain :  so  clouds  of  infectious  matter 
may  float  over  the  country,  and  in  one 
place  pass  harmlessly,  in  another  (as 
influenza  in  London)  destroy  thou- 
sands of  lives.  The  emanations  from 
the  living,  the  graves,  the  slaughter- 
houses, the  heaps  of  filth  rotting,  the 
Thames,  into  which  the  sewers  still 
empty,  raise  over  London  a  canopy 
whicli  is  constantly  pervaded  by  zy- 
motic matters ;  in  one  season  this,  in 
another  that  preponderating.""'-' 

The  influence  of  such  matters  on  the 
health  of  the  community  will  frequent- 
ly be  made  apparent  in  the  course  of 
this  work  ;  at  present  we  but  indicate 
their  existence. 

The  quantitij  of  air  taken  into  the 
lungs  at  each  inspiration  varies  accord- 
ing to  the  age,  constitution,  and  cir- 
cumstances at  the  time.  Ft  has  been 
variously  estimated  at  from  15  to  40 
cubic  inches.  Sir  Humphry  Davy 
puts  it  so  low  as  from  13  to  17  cubic 
inches.  Herbst  again  states,  that 
adults  of  large  stature  breathing  tran- 
quilly, inspire  from  20  to  'I')  cubic 
inches,  and  persons  of  smaller  stature 
from  IG  to  18. f  Menzies,  on  the  other 
hand,  who  also  experimented  with 
great  care,  estimates  the  amount  at  40 

■■  Rcgistrar-General'.s  Report  of  Quarter 
ending  Dec.  31,  1847,  p.  (!. 

t  Miiller's  Klenientsot"  Physiology, second 
edition,  vol.  i.,  p.  812. 
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cubic  inches.  Dr  Southwood  Smith 
states,  that  the  largest  quantity  ever 
inhaled  at  one  inspiration  is  nine  pints 
and  a  quarter.  He  adds,  that  the  quan- 
tity received  at  an  ordinary  inspira- 
tion without  any  effort  at  all,  is  about 
one  pint*  imperial  measure  ;  while  at 
an  easy  inspiration,  free  from  any  (jreat 
effort,  it  amounts  to  2}  pints  (2d  ed., 
vol.  ii.,  p.  81).  Females  take  in  a 
smaller  quantity  than  males. 

The  popular  notion  that  the  whole 
of  the  air  is  expelled  from  the  lungs 
at  each  expiration,  is  entirely  errone- 
ous.   Even  after  forcing  out  as  much 
as  we  can,  it  is  calculated  that  at  least 
40  cubic  inclies  remain  in  the  air-cells ; 
while,  after  an  ordinary  expiration, 
about  120  inches  remain  behind.  Ac- 
cording to  Sir  II.   Davy,  the  whole 
quantity  of  air  in  the  lungs  after  a 
natural  inspiration,  amounts  to  135  | 
cubic  inches;  so  that,  taking  an.  ordi-  ' 
nary  inspiration  and  expiration  at  20  . 
inches,  the  quantity  of  air  remaining  | 
in  the  chest  is  at  least  five  times  rjreater 
than  that  expired.  Dr  Smith  estimates 
the  quantity  of  air  remaining  at  eleven  I 
pints.    It  is  by  this  continuance  of  the  ; 
air  in  the  lungs  that  its  requisite  ac-  ' 
tion  on  the  blood  is  rendered  continu- 
ous, and  has  time  to  take  place  ;  and 
also  that  we  are  enabled  for  a  time  to 
"  hold  our  breath"'  when  under  water, 
as  in  diving.    "Witliout  this  stock  to 
continue  the  oxygonati(m  of  the  blood, 
diving  would  bo  immediately  fatal. 

In  whales  and  some  other  diving 
animals  that  breathe  air  and  remain  \ 
long  under  water,  there  is  a  remark-  i 
able  provision  for  the  supply  of  arterial  ' 
blood  to  the  vjrrious  organs  while  the 
animal  is  under  water.  The  intercostal 
arteries  and  veins  are  dilated  into  enor- 
mous reservoirs,  the  first  for  storing  up 
large  quantities  of  arterial  blood,  and 
the  latter  for  receiving  it  when  it  has 
become  venous.  When  therefore  breath- 
ing is  prevented,  the  vital  functions 
are  carried  on  by  drawing  on  the  arte- 
rial reservoirs  for  a  supplv,  and  the 
animal  may  remain  under  water  till 
they  are  exhausted. 

In  man  the  average  number  of  res- 

*  3-t-6.59  cubic  inclies=l  imperial  pint. 
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.  pirations  in  health  varies  from  fourteen 
to  twenty  in  a  minute  ;  but  during 

I  disease  it  is  often  much  greater,  and 
sometimes  also  considerably  less. 
With  these  data  to  guide  us,  we  can 

j  form  a  correct  idea  of  the  extent  to 

I  which  a  constant  renewal  of  the  air  we 
breathe  is  required  for  the  support  of 
life.  Taking  the  consumption  of  air  at 
each  inspiration  at  even  the  moderate 
rate  of  20  cubic  inches,  and  rating  the 
number  of  respirations  at  only  15  per 
minute,  it  ai)pears  that,  in  that  short 
space  of  time,  no  less  than  300  cubic 
inches  of  air  are  required  for  the  res- 
piration of  a  single  person.  But  to 
place  this  in  a  still  more  striking  light 
to  the  general  reader,  I  shall  extract 
from  the  excellent  work  of  Dr  South- 
wood  Smith  (vol.  ii.,p.  84),  the  results 
of  some  very  careful  and  elaborate 

i  calculations  made  for  him  by  Mr  Fin- 
laison,  the  celebrated  actuary,  from 

-  data  communicated  to  him  for  the  pur- 
pose. 

I  Mr  Finlaison  estimates  the  fresh  air 
I  inspired  in  one  minute  at  616  cubic 
inches,  or,  "  as  nearly  as  may  be, 
eighteen  pints."  In  one  hour,  it 
amounts  to  "  1066 3  pints,  or  2  hogs- 
heads, 20  gallons,  and  lOJ  pints  1"  In 
one  day,  it  amounts  "  to  57  hogsheads, 
1  gallon,  and  7  j-  pints  .'" 

To  this  quantity  of  air  are  pre- 
sented for  aeration  in  one  minute  144 
:  ounces  of  blood,  being  259J  cubic 
I  inches,  or  nearly  an  imperial  gallon. 
In  one  hour,  540  pounds  avoirdupois, 
or  1  hogshead  and  1]  pints;  and  in 
twenty -four  hours,  12,960  pounds,  or 
10,782J  pints,  or  24  hogsheads  and  4 
gallons.  Or,  in  otiier  words,  "  there 
flow  to  the  human  lungs  evei-y  minute 
nearly  18  pints  of  air,  and  nearly  8 
pints  of  blood  and  "  m  twenty-four 
hours,  upwards  of  57  hogsheads  of  air'' 
are  inhaled  to  oxygenate  "  24  hogsheads 
ojbhod." 

Since  the  publication  of  the  last  edi- 
tion of  this  work,  some  very  able  and 
interesting  experiments  have  been 
i)istituted  by  Mr  John  Hutchinson  to 
determine  the  capacity,  and  also  the 
inspiratory  and  expiratory  power,  of 
the  lungs ;  and  the  results  of  these  will 
be  found  in  the  Quarterbj  Journal  of 


the  Statistical  Society  of  London,  for 
August  1844.  Mr  Hutchinson  first  de- 
vised an  instrument  by  which  itbecame 
easy  to  determine  the  quantity  of  air 
that  any  individual  could  expel  from 
the  lungs  by  the  greatest  voluntary 
effort,  and  then  proceeded  to  test  the 
quantity  thus  thrown  out  by  each  of 
1152  individuals,  belonging  to  dilfe- 
rent  trades  and  stations   in  life,  of 
different  ages,  and  in  different  states 
of  health.    He  regarded  the  result  as 
an  indication  of  the  capacity  of  the 
lungs.    After  a  lengthened  series  of 
experiments  Mr  Hutchinson  conceived 
he  had  made  the  important  discovery, 
that  in  the  healthy  state  a  direct  rela- 
tion subsists  between  the  "  capacity^'  of 
the  lungs  and  the  height  of  the  indivi- 
dual; and  he  declares  this  relation  to 
be  so  uniform,  that  if  he  be  permitted 
to  take  a  man's  height,  he  can  tell  the 
exact  capacity  of  his  lungs,  and  the 
amount  of  his  inspiratory  and  expira- 
tory power.  These  results  will,  if  con- 
firmed, afford  a  valuable  addition  to 
our  present  means  of  detecting  pulmo- 
nary disease  in  its  very  earliest  stages. 
The  moment  any  kind  of  disease  at- 
tacks the  lungs,  their  capacity  begins 
to  diminish  ;  and  consequently,  when- 
ever we  met  with  a  person  whose  pul- 
monary capacity  fell  short  of  the  ave- 
rage peculiar  to  his  height,  we  might 
safely  infer  that  disease  existed.  The 
subjoined  table  presents  an  accurate 
outline  of  the  results  obtained  by  Mr 
Hutchinson.    In  the  first  column  the 
height  is  given.    The  second  exhibits 
the  number  of  cubic  inches  of  air 
thrown  out  of  the  lungs  by  a  forced 
expiration,  and  the  regularity  with 
which  its  increase  follows   the  in- 
crease of  stature.    The  third  column 
shews  the  quantities  of  air  which 
ought  to  be  thrown  out  as  the  height 
increases,  assuming  Mr  Hutchinson's 
principle  to  be  correct,  and  calculating 
the  results  arithmetically,  instead  of 
taking  them  from  actual  observation. 
The  very  close  approximation  between 
the  series  of  results  certainly  seems  to 
afford  a  strong  confirmation  of  the 
soundness  of  both  tlie  data  and  the 
principles  on  which  I^fr  Hutchinson  has 
proceeded  ;  though,  as  we  shall  pre- 
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sently  see,  they  cannot  be  regarded  as 
altogether  free  from  doubt. 


Height. 

Series 
derived  from 
Observation. 

Series  in 
Arithmetical 
Progression. 

„  ,  Mean 
^-  I"'    F.  In. 

5    6^  ' 

^    ^5  9 

5  10  J  ^  ^ 

^  1^  I  5  11 

6  o]^ 

Cubic  Inches 
of  Air. 

175-0 
188-5 
206-0 
222'0 
237-5 
254-5 

Cubic  Inches 
of  Air. 

174 
190 
206 
222 
238 
254 

The  general  rule  deducihle  from  all 
the  experiments,  and  confirmed  by 
the  preceding  table,  is,  that  "  for 

every  inch  of  lieight  between  jive  and  six 
feet,  eight  additional  cubic  inches  of  air 
at  60°  are  given  out  by  a  forced  expira- 
tion:'* 

To  shew  how  greatly  the  capacity  of 
the  lungs  is  impaired  by  disease,  Mr 
Hutchinson  gives  another  table,  con- 
trasting the  capacity  exhibited  by 
twelve  persons  in  the  early  stages  of 
consumption,  with  the  mean  of  the 
healthy  cases  of  exactly  the  same 
stature — the  difference,  it  will  be  seen, 
is  very  striking. 


*  It  is  not  easy  to  explain  on  what  prin- 
ciple the  height  of  the  body  and  the  ca- 
pacity of  the  lunj;:s  should  be  so  closely 
connected,  since  an  increase  of  stature  is 
frequently  due  solely  to  increased  length 
of  legs.  It  is  worthy  of  remark,  also,  that 
"  capacity  of  lungs"  and  "  capac  ity  of  chest" 
cannot  be  regarded  as  convertible  terms, 
as  the  cubic  contents  of  the  latter  bear  no 
invariable  relation  to  the  height  of  the 
body. 


Capacity  of 

Capacity  of 

Diseased. 

Healthy. 

C.  I. 

C.  I. 

113 

220 

105 

173 

128 

220 

100 

193 

100 

204 

136 

229 

115 

173 

130 

204 

120 

229 

140 

246 

110 

220 

135 

204 

In  the  advanced  stages  of  consump- 
tion the  comparison  stands  thus  : — 


Capacity  of 

Capacity  of 

Diseased. 

Healthy. 

C.  I. 

C.  I. 

59 

135 

89 

224 

108 

254 

70 

135 

80 

229 

75 

254 

34-5 

245 

18 

183 

Mr  Hutchinson  believes  that  this 
method  of  estimating  the  capacity  of 
the  lungs  is  calculated  to  afford  valu- 
able aid  to  life-assurance  companies 
in  the  detection  of  disease  in  appli- 
cants for  insurance.  His  results  have 
since  been  tested  by  similar  experi- 
ments by  Dr  Simon,  carried  on  under 
the  superintendencje  of  Professor  Vogel 
of  Giessen.  Dr  Simon  found  that  the 
quantity  of  respired  air  stood  in  di- 
rect relation  to  the  height  of  the  in- 
dividual, but  that  its  absolute  amount 
for  a  given  height  was  considerably 
less  than  in  the  experiments  of  Mr 
Hutchinson.  This  difference  of  result 
is  probably  due  to  the  subjects  of  ex- 
periment used  by  Mr  Hutchinson  hav- 
ing been  more  robust  and  more  power- 
ful men  than  those  experimented  on  by 
Dr  Simon.  In  the  former  instance  tliey 
were  chiefly  sailors,  soldiers,  police- 
men, and  mechanics  ;  in  the  latter  stu- 
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j  dents.*  This  discrepance,  however, 
shews  that  the  law  propounded  by  Jlr 
Hutchinson,  cannot,  at  least  without 
further  inquiry,  be  relied  on  as  a  prac- 
tical guide  by  insurance  companies ; 
as  another  element,  beyond  the  mere 
height,  enters  into  the  question,  either 
in  the  habits  of  life,  or  perhaps  in  the 
national  build  of  the  chest. 

At  first  sight  it  would  aj)pear  that 
the  observations  of  both  oxperitnenters 
are  ojiposed  to  the  popular  idea  that 
the  health  and  strength  of  the  lungs 
are  to  be  estimated  more  by  their 
breadth  than  by  their  depth.  A  short 
man  with  broad  shoulders  and  vaulted 
chest  is  generally  considered  more 
robust  and  more  capable  of  enduring 
fatigue  than  a  tall  man  with  narrow 
flattened  chest.  This  may  be  the  case, 
and  yet  on  a  forced  expiration  more 
air  may  be  expelled  from  the  lungs 
of  the  latter  than  of  the  former.  The 
spirometer  gives  the  degree  of  contrac- 
tion which  the  chest  is  capable  of  un- 
dergoing, and  may  therefore  be  useful 
as  an  index  of  the  presence  or  absence 
of  foreign  deposits  in  the  substance  of 
the  lungs  ;  but  it  can  afford  no  means 
of  estimating  the  amount  of  air  inhaled 
during  ordinary  respiration.  If  wesup- 
pose  that  the  respiratory  muscles  in  a 
broad  and  in  a  narrow  chested  man 
undergo  the  same  degree  of  contrac- 
tion, it  is  evident  that  much  more  air 
will  pass  into  the  broad  than  into  the 
narrow  chest;  and  hence,  though  with 
a  forced  effort  a  narrow  chest  may 
receive  more  air  than  a  broad  one, 
under  ordinary  circumstances  the 
latter  will  obtain  the  larger  supply. 

Before  entering  the  lungs,  the  at- 
mospheric air  consists,  as  we  have 
seen,  of  twenty-one  parts  of  oxygen 
and  seventy-nine  of  nitrogen,  with  a 
very  small  trace  of  carbonic  acid. 
When  it  is  expelled,  however,  it  is 
found  to  be  greatly  altered.  In  Indk, 
the  air  expired  continues  to  be  nearly 
equal  to  that  inspired,  but  obser- 
vers are  now  generally  agreed  that 

*  Ueber  die  Menge  der  ausgeathmeten 
Luft  bey  verschiedenen  Menschen.  Giessen, 
1848. 


a  slight  diminution  takes  place.  Its 
chemical  properties,  however,  ai'e  much 
changed,  for  we  find  on  analysis  that 
about  five  i)arts  out  of  the  twenty-one 
of  oxygon  have  disappeared.  Of  these 
five  parts  of  oxygen,  four  are  returned 
in  combination  with  carbon,  as  car- 
bonic acid;*  but  one  part  remains 
unaccounted  for,  and  is  supposed  to 
enter  into  combination  with  the  un- 
neutralized  hydrogen  of  the  food,  to 
form  water,  and  to  be  excreted  in  this 
shape  by  the  skin,  lungs,  or  kidneys. 
This  view  derives  support  from  the 
fact,  that  when  the  diet  is  exclusively 
animal,  and  thus  contains  a  large  pro- 
portion of  unncutralized  hydrogen,! 
the  oxygen  which  disappears  is  always 
much  larger  than  when  the  diet  con- 
sists of  the  hydrocarbonates — such  as 
starch,  sugar,  &c.- — which  contain  no 
hydrogen  beyond  what  is  necessary 
to  neutralize  the  oxygen  contained 
in  the  hydrocarbonate.  Accordingly,  | 
when  an  animal  diet  is  used,  about 
seven-tenths  of  the  inhaled  oxygen  are 
exhaled  as  carbonic  acid,  while  with  a 
farinaceous  diet  nine-tenths,  and  some- 
times even  the  whole,  of  the  inhaled 
oxygen  reappear  as  carbonic  acid. J 

The  use  of  the  nitrogen  in  the  air 
appears  to  be  to  serve  as  a  convenient 
medium  for  the  dilution  of  the  oxy- 
gen, so  as  to  prevent  any  undue  ex- 
citement of  the  system.  Experimental 
physiologists  arc,  however,  pretty  ge- 
nerally agreed  that,  as  a  general  rule, 
it  receives  a  slight  addition  to  its  vo- 
lume ;  and  this  opinion  is  sujjported  by 
the  fact,  that  more  nitrogen  is  con- 
sumed in  the  food  than  can  be  aftei"- 
wards  detected  in  the  urinary  and 

*  Carbonic  acid  consists  of  27*05  parts  of 
carbon,  and  72"35  of  oxygen. 

t  By  unncutralized  hydrogen  is  meant 
the  hydrogen  which  remains  over,  after  all 
the  oxygen  conUiineil  in  the  food  has  re- 
ceived the  hydrogen  it  requires  to  form 
water.  In  the  case  of  the  hydrocarbonates, 
all  the  hydrogen  thoy  coiitjiin  is  required 
for  this  purpose  ;  in  the  case  of  flesh  and 
fat  a  considerable  surplus  remains. 

X  Rechorches  Chuuiques  sur  la  Respira- 
tion, par  MM.  Reynault  et  Reiset ;  Annales 
de  Chimie  et  de  Physique,  July  and  August 
1849. 
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alvine  evacuations.  It  remains  to  be 
decided,  however,  how  much  of  this 
nitrogen  is  given  oflf  as  such  by  the 
lungs,  how  much  as  carbonate  of  am- 
monia,* and  how  much  is  exhaled  by 
the  skin  and  lungs  in  combination 
with  watery  vapour,  as  those  subtle 
animal  principles,  which,  when  con- 
centrated in  overcrowded  habitations, 
lower  the  tone  of  the  system,  and  pro- 
duce fever,  cholera,  and  other  analo- 
gous maladies.  "Wlien  the  same  air  is 
breathed  again  and  again,  its  oxygen 
diminishes,  v/hile  the  carbonic  acid 
increases  with  each  successive  act  of 
respiration ;  till  at  last,  from  defi- 
ciency of  oxygen,  the  air  becomes  al- 
together inciipable  of  sustaining  life. 

Precisely  the  same  changes  occur 
in  the  case  of  fishes,  and  of  animals 
breathing  by  spiracula  opening  on  the 
surface  of  the  body.  The  air  con- 
tained in  the  water  passing  through 
the  gills  of  fishes,  loses  its  oxygen  and 
acquires  carbonic  acid.  The  same 
alteration  takes  place  in  the  air  ex- 
pelled from  the  air-vesicles  of  the 
worm  or  tlie  leech.  In  every  class  of 
animals,  from  the  highest  to  the  low- 
est, the  presence  of  oxygen  in  the  fluid 
which  they  breathe  is  thus  essential 
to  tlie  continuance  of  life,  and  on  tlie 
quantity  of  oxygen  consumed  depends 
the  energy  of  their  vital  functions. 
Thus,  a  warm-blooded  animal  con- 
sumes, weight  for  weight,  twelve  or 
fifteen  times  more  oxygen  than  a  frog 
or  lizard ;  and  a  marmot  consumes,  in 
its  lively  state,  nearly  thirty  times 
more  oxygen  than  during  its  state  of 
hybernation. t  Hence  the  name  of 
vital  air,  by  which  oxygen  is  distin- 
guished from  carbonic  acid  or  fixed 
air,  wliich  has  the  property  of  causing 
almost  immediate  death  when  inhaled 
into  the  lungs. 

It  may  be  thought  that  if  oxygen 
be  really  the  life-sustaining  part  of 
the  atmospheric  air,  life  should  go  on 
better  by  increasing  the  proportion  of 

*  About  three  grains  of  carbonate  of  am- 
moiiiii  are  given  oiFby  the  lungs  in  twenty- 
four  liours. — Liebig  and  Kopp's  lltport, 
vol.  i.,  p.  298  ;  vol.  ii.,  p.  150. 

t  Aunales  de  Chimie  et  de  Physique, 
April  1849,  p.  442. 


it  in  the  air  we  breathe,  and  that  in-  | 
valids  might  therefore  be  restored  to  j 
health  by  causing  them  to  inhale  a  j 
highly  o.xygenated  air.    To  a  certain  ; 
extent  the  inference  is  just;  and  ac-  ; 
cordingly  we  find  that    an    animal  | 
placed  in  a  vessel  full  of  pure  oxy-  ' 
gen,   breathes  with  greater  energy,  j 
and  lives  longer,  than  in  the  same  i 
bulk  of  common  air,  in  the  propor-  j 
tion  of  fourteen  minutes  to  six  mi- 
nutes.*   But  as  the  function  of  respi- 
ration, and  all  the  processes  connected 
with  it,  were  originally  instituted  by 
the  Creator  with  i-elation  to  an  atrao- 
spliere  containing  only  one-fifth  part  I 
of  oxygen,  the  excitement  in  the  ani-  j 
mal  economy,  caused  by  breathing  the  ! 
latter  gas  in  its  pure  state,  is  far  too  I 
great  to  admit  of  its  being  continued  j 
for  any  length  of  time,  without  in-  jj 
ducing  disease  and  the  ultimate  ex- 
tinction of  life.    Similar  results  fol- 
low, although  more  slowly,  even  when  | 
the  pi-oi>ortion  of  oxygen  in  common 
air  is  only  partially  increased. 

In  some  of  the  experiments  of  Rey- 
nault  and  Reiset,  it  was  found  that  no 
more  carbonic  acid  was  given  off  by 
an  animal  breathing  pure  oxygen, 
than  by  one  respiring  atmospheric  air  ;  i 
and  from  this  fact  Liebig  concludes 
that  no  abnormal  excitement  is  pro- 
duced by  the  respiration  of  oxygen. 
According  to  his  \  iews,  there  is  formed 
in  the  system  a  certain  amount  of  car-  j 
bonic  acid  (greater  or  less  according 
to  the  work  performed),  which  is  con- 
veyed to  the  lungs  in  the  red  globules 
of  the  blood,  and  is  there  exchanged 
for  oxygen,  according  to  the  laws 
which  regulate  the  diffusion  of  gases. 
The  quantity  of  oxygen  absorbed,  then,  i 
depends  not  on  the  amount  of  oxygen 
contained  in  the  air,  but  on  the  quan- 
tity of  carbonic  acid  brought  to  the 
lungs  for  exchange ;  and  the  process 
of  diffusion,  or  of  endosmosis  and  ex- 
osmosis,  is  interfered  with  only  when 
the  oxygen  of  the  air  is  insufficient  to 
replace  the  carbonic  acid.  The  process 
of  diffusion  is  more  particularly  dis- 
turbed when  carbonic  acid  is  already 
contained  in  the  air,  and  the  experi- 

*  Smith,  p.  CS. 
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monts  of  Lavoisier  and  Soguin  have 
shewn  that  when  the  atmosphere  be- 
comes charged  with  10  per  cent,  of 
this  gas,  no  additional  resi^iration  in- 
creases the  quantity.  The  gases  within 
and  witliout  the  red  globules  are  in 
equilibrium;  and  exhalatifin  of  car- 
bonic acid  being  thus  entirely  sup- 
pressed, death  takes  place  by  asphyxia. 
An  atmosphere  of  pure  oxygen  sup- 
ports life  longer  than  common  air, 
because  in  this  case  longer  time  is  re- 
quired to  produce  the  state  of  equi- 
librium. Regnault's  and  Reiset's  ex- 
periments, however,  are  scarcely  suf- 
ficient to  warrant  the  assumption  that 
an  atmosphere  of  pure  oxygen  would 
not  prove  deleterious  to  the  animal 
organism  by  being  too  exciting.  When 
we  make  several  deep  and  hurried 
inspirations,  we  feel  a  confusion  and 
giddiness  in  the  head,  which  is  pro- 
bably caused  by  super-oxygenation  of 
the  blood.  Besides,  although,  accord- 
ing to  the  laws  of  diffusion,  oxygen 
can  be  absorbed  only  in  proportion  to 
the  carbonic  acid  given  off,  it  is  pro- 
bable that  a  pure  oxygen  would  in 
many  ways  increase  the  vital  meta- 
morphoses, and  in  this  indirect  man- 
ner increase  the  quantity  of  carbonic 
acid.  The  whole  economy  of  nature 
is  arranged  with  reference  to  the  pre- 
sent constitution  of  the  atmosphere, 
and  were  the  latter  to  consist  of  pure 
o.xygen,  it  would  be  impossible  to  pre- 
vent.  even  for  one  day,  a  conflagra- 
tion that  would  consume  every  oxy- 
disable  substance. 

The  only  kind  of  air,  then,  which  is 
calculated  to  sustain  animal  life  in 
permanent  health  and  vigour,  is  that 
containing  the  precise  ingredients  in 
the  precise  proportions  ascertained  to 
exist  in  the  atmosphere.  If  the  quan- 
tity of  any  ingredient  be  increased  or 
diminished,  the  proper  constitution  of 
the  blood  will  be  immediately  clianged, 
and  the  general  health  endangered. 
If,  for  instance,  the  air  contain  moi'e 
carbonic  acid  than  the  minute  trace  of 
it  which  exists  in  pure  air,  it  will  be 
to  that  extent  unfit  for  the  purposes 
of  respiration,  and  act  deluteriously 
upon  the  blood  and  general  system. 
This  effect  is  exemplified  in  the  feoble- 
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ness,  headache,  and  other  symptoms, 
produced  by  breathing  air  vitiated  by 
the  carbonic  acid  jioured  out  from 
several  hundred  pairs  of  lungs  in  a 
crowded  room  or  church.  When  the 
quantity  of  carbonic  acid  in  the  air 
amounts  to  10  per  cent.,  it  acts,  on  the 
principles  already  explained,  as  an 
immediate  poison,  and  renders  the  air 
incapable  of  supporting  life.  Uence 
the  fatal  accidents  so  common  in 
breweries,  from  the  workmen  rashly 
entering  fermenting  vats  filled  with 
fixed  air.  Hence  also  the  immediate 
insensibility  of  dogs  and  other  animals 
thrown  into  the  stratum  of  fixed  air, 
which  occupies  the  lower  part  of 
the  celebrated  Grotto  del  Cane,  near 
Naples. 

Experiments  have  been  made  to 
determine  whether  respiration  could 
be  carried  on  by  means  of  any  other 
gas,  or  mixture  of  gases,  than  com- 
mon air.  Some  which  contain  oxygen 
sujjport  life  for  a  longer  or  shorter 
time  in  proportion  to  its  quantity; 
and  those  which  contain  none  do  not 
sustain  it  at  all.  Nitrous  oxide,  in 
which  oxygen  abounds,  may  be  breath- 
ed for  a  few  minutes  with  compara- 
tive impunity,  and  its  intensely  excit- 
ing efiects  are  well  known.  Other 
gases  seem  to  act  as  direct  poisons. 
Thus,  air  containing  l-loOOth  of  sul- 
phuretted hydrogen  destroys  a  bird, 
and  l-800th  suffices  to  kill  a  dog. 
This  gas  is  developed  from  decomjjos- 
ing  animal  remains,  and  becomes  ex- 
ceedingly dangerous  in  close  spaces, 
where  it  is  prevented  from  being  dif- 
fused in  the  atmosphere.  Hence  it  is 
a  frequent  cause  of  death  to  work- 
men wlio  descend  imprudently  into 
common  sewers,  before  sufficient  time 
has  elapsed  to  allow  the  noxious  va- 
pours to  be  dispelled.  An  accident  of 
this  kind,  in  which  several  individuals 
lost  their  lives,  hajipened  in  a  com- 
mon sewer  in  Pimlico  in  the  autumn 
of  1849.  Carbonic  acid  gas,  we  have 
seen,  also  is  poisonous,  but  in  a  much 
less  degree,  and  acts  by  producing  nar- 
cotism and  fatal  stupor.  This  gas  is 
the  product  of  the  combustion  of  car- 
bon or  charcoal  when  oxygen  is  abun- 
dantly supplied ;   but  when  the  free 
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access  of  oxygen  is  prevented,  another 
compound  of  carbon  is  produced,  con- 
taining less  oxygen  than  what  is  found 
in  carbonic  acid.  Tliis  is  carbonic 
oxide,  a  gas  of  so  deadly  a  nature, 
that  1  per  cent.,  mixed  with  common 
air,  destroys  a  dog  in  two  minutes.  It 
is  the  cause  of  death  wlien  suicide  is 
committed  by  placing  ignited  charcoal 
in  a  close  apartment,  as  is  frequently 
done  in  France  ;  and  it  is  the  occasion, 
also,  of  many  fatal  accidents  in  our 
own  country,  from  sleeping  in  bed- 
rooms where  the  draught  of  the  chim- 
ney is  imperfect,  and  the  admission  of 
fresh  air  is  impeded. 

Tlie  changes  effected  by  respiration 
in  the  appearance  and  constitution  of 
the  blood,  are  not  less  remarkable  than 
those  produced  on  the  air.  From 
being  of  a  dark  purple  hue,  it  passes 
immediately  to  a  bright  red  colour. 
This  change  is  caused  by  the  action  of 
the  oxygen  on  the  red  particles  of  the 
blood  ;  and  it  takes  2)lace  even  out  of 
the  body  v.'hen  venous  blood  is  ex- 
posed to  the  contact  of  oxygen.  In 
effecting  this  change,  the  oxygen  is 
absorbed,  and  carbonic  acid  is  exhaled. 
Arterial  blood,  accordingly,  contains 
more  oxygen  and  less  carbon  than 
venous  blootl.  From  the  experiments 
of  Mayer,  Miiller,  and  others,  the  arte- 
rial blood  seems  to  contain  more  fibrin 
than  venous  blood,  in  the  proportion 
of  29  to  24  ;  but  all  such  estimates  are 
exceedingly  doubtful,  partly  from  the 
great  difficulty  of  separating  the  fibrin 
from  the  other  constituents  of  the 
blood,  and  partly  from  the  venous 
blood  varying  in  quality  according  to 
the  organ  in  which  it  has  been  ren- 
dered venous.  The  temperature  of 
arterial  blood  is  believed  to  be  from 
1°  to  higher  than  that  of  venous. 
But  it  is  in  the  red  globules  that  the 
chief  changes  produced  by  respiration 
take  place.  As  already  mentioned, 
these  constitute  the  respiratory  por- 
tion of  the  blood,  and  each  globule 
may  be  considered  as  a  separate  living 
entity,  which  comes  to  the  lungs  to 
inhale  fresh  air.  Consequently  the 
greater  the  number  of  red  globules, 
the  greater  is  the  quantity  of  oxygen 


inhaled,  and  the  more  energetic  are 
the  vital  functions.  The  red  globules 
laden  with  oxygen  are  carried  along 
the  arteries  to  the  capillaries,  where, 
by  means  of  exosraosis  and  endos- 
mosis,  they  deposit  their  cargo  of  vivi- 
fying material,  and  becoming  venous 
receive  in  exchange  the  expended  ma- 
terials of  the  tissues,  which  they  con- 
vey to  the  lungs  and  other  organs  of 
excretion.  The  vast  importance  of 
the  red  globules  of  the  blood  for  all  i 
vital  actions  will  now  be  manifest, 
and  it  will  be  readily  understood  why 
the  powers  of  life  are  most  vigorous 
in  individuals  whose  blood  contains 
the  due  proportion  of  globules,  oxy- 
genated by  the  respiration  of  a  pure, 
dry,  and  bracing  air ;  and  why,  on  the 
contrary,  every  function  is  carried  on 
with  languor  and  listlessness  when  the 
red  globules  are  deficient  in  quantity, 
or  the  air  respired  is  loaded  with  im- 
purities. 

The  change  of  colour  which  the 
blood  undergoes  is  supposed  to  bo,  in 
a  great  measure,  a  physical  phenome- 
non, dependent  partly  on  the  thicken- 
ing of  the  wall  of  the  globule,  and  partly 
on  a  certain  change  of  form  which  the 
sac  undergoes.  The  arterial  globule 
is  a  flattened  circular  disc  with  concave 
sides,  which  is  supposed  to  reflect  tlie 
light  more  abundantly  than  the  con- 
vex sides  which  the  globule  acquires 
OJi  becoming  venous;  and  hence  the 
arterial  globule  appears  of  a  brighter 
hue  from  the  greater  reflection  of 
light.  Any  substance,  therefore,  which 
has  the  power  of  thus  altering  the 
shape  of  the  globules,  changes  at  the 
same  time  their  colour,  and  on  this 
principle  is  to  be  explained  the  florid 
hue  which  the  solutions  of  some  salt'? 
confer  on  venous  blood.  This  cban^  . 
however,  is  by  no  means  identical  with 
that  produced  by  oxygenation  ;  and 
accordingly,  the  recommendation  of 
some  physicians  to  inject  solutions  of 
these  salts  into  the  veins  in  diseases 
where  the  blood  is  imperfectly  oxy- 
genated, rests  upon  false  analogy. 
But  salts  do  not  change  the  colour  of 
the  blood  if  oxygen  bo  entirely  ab- 
sent, nor  do  they  affect  the  shade  of 
the  colouring  matter  which  has  been 
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deprived  of  its  cellular  covering.* 
The  circumstance,  however,  that  oxy- 
gen effects  a  change  under  this  latter 
condition,!  shews  that  the  alteration  of 
the  colour  of  the  blood  is  not  purely  a 
physical  phenomenon. 

But  in  order  to  ensure  the  due  de- 
carbonisation  of  the  blood,  the  respired 
air  must  be  normally  constituted  ;  and 
hence  every  precaution  ought  to  be 
taken  to  ensure  its  purity  by  proper 
ventilation.    The  experiments  of  Al- 
len and  Pepys  have  shewn  that  when 
air  contains  an  abnormally  large  pro- 
portion of  carbonic  acid,  the  decarbo- 
nisation  of  the  blood  is  imperfectly 
performed,  and  the  expired  air  car- 
ries out  of  the  system  less  than  the 
normal    quantity   of  carbonic  acid. 
Hence  it  appears  probable  that  car- 
bonic acid  exerts  a  doubly  deleterious 
action  on    the   organism, — first,  by 
its  directly  poisonous  qualities ;  and, 
secondly,  by  its  lowering  effects  upon 
the  nervous  system  preventing  the 
proper  chemico-vital  metamorphoses. 
Andral   and   Gavarret  have  shewn 
that  during  the  hours  of  sleep  the 
quantity  of  carbonic  acid  eliminated 
by  the  lungs  is  less  than  during  the 
waking  hours.    The  nervous  energy 
is  at  this  time  in  a  state  of  compa- 
rative depression,  and  the  powers  of 
resistance  to  injurious  influences  are 
consequently  lowered.    Hence  the  in- 
creased liability  to  attacks  of  epidemic 
disease  in  the  night.    "  On  referring 
to  the  experience  of  cholera  in  this 
country,'"'  says  the  General  Board  of 
Health,  "  it  appears  that  the  great  ma- 
jority of  seizures  were  between  twelve 
at  midnight  and  six  in  the  morning. 
In  Hamburg  the  attacks  were  so  gene- 
rally in  the  night,  that,  when  the  epi- 
demic was  at  its  heiglit,  many  persons 
were  afraid  to  go  to  bed  at  all ;  and  it 
is  remarkable  that  the  same  observa- 
tion has  been  made  with  respect  to 
plague,  when  it  prevails  as  an  ejjide- 
mic.    Dr  Laidlaw  states,  that  in  his 
own  experience  at  Alexandria,  during 

•  Prof.  H.  Nasse ;  Wagner's  Handwort- 
erbuch  der  Pliysiologie,  Band  iv.,  p.  30. 

+  Lehmann's  Lelirbueh  der  Physiologi- 
schen  Chimie,  Hand  ii.,  p.  160.  I 
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the  prevalence  of  plague  in  that  city 
in  1835,  eight-tcntlis  of  those  wlio 
were  attacked  were  seized  in  the  night 
time — generally  early  in  the  morn- 
ing. '  I  do  not  recollect,'  he  says, 
'  to  have  been  called  to  a  fresh  case 
of  plague  till  between  five  and  six  in 
the  morning.' "  * 

This  liability  to  disease  during  the 
night  is  due  principally  to  the  low- 
ered tone  of  the  system,  resulting 
fi'om  the  diminished  activity  of  the 
function  of  respiration  during  sleep, 
and  not  to  any  morbid  influence  spe- 
cially appertaining  to  the  hours  of 
darkness.  This  view  is  supported  by 
the  experiments  of  Cliossat,  shortly 
to  be  noticed ;  and  also  by  the  fact 
that  travellers  traversing  the  Pontine 
Marshes  in  the  day-time,  and  who  ac- 
cidentally fall  asleep,  though  but  for 
a  few  minutes,  are  extremely  liable  to 
suffer  from  an  attack  of  ague. 

The  restoration  of  the  vital  proper- 
ties of  the  venous  blood  is  not  tlie  only 
change  which  is  effected  during  its 
passage  through  the  lungs.  The  de- 
velopment of  animal  heat  is  another 
and  very  important  result  of  its  oxy- 
genation, and  one  scarcely  less  essen- 
tial to  the  continuance  of  life.  If  the 
human  body  did  not  possess  within 
itself  the  power  of  generating  heat, 
so  as  to  maintain  nearly  an  equality 
of  temperature  in  all  climates,  it  could 
not  long  exist.  In  winter,  and  espe- 
cially in  the  northern  regions,  if  no 
provision  existed  for  replacing  the 
caloric  withdrawn  from  the  system 
by  the  cold  air  surrounding  it,  the 
blood  would  speedily  be  converted  into 
a  solid  mass,  and  life  be  extinguished. 
In  most  parts  of  the  globe,  the  heat  of 
the  atmosphere  is,  even  in  summer, 
inferior  to  that  of  the  human  body  ; 
and  consequently  a  loss  of  caloric  is 
always  going  on,  which  must  be  made 
up  in  some  way,  otherwise  disease  and 
death  would  speedily  ensue. 

The  principal  source  of  the  heat  of 
the  animal  body  is  the  combinations 
into  which  oxygen  enters  with  the 

■*  Report  on  Quarantine  by  the  General 
Board  of  Health,  p.  75. 
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products  of  the  digested  food.  The 
nature  of  these  combinations  and  tlie 
amount  of  heat  produced,  consequently 
vary  with  the  quality  of  the  food. 
In  this  sense,  respiration  is  essen- 
tially a  process  of  slow  conihustion  ; 
carbon  and  hydrogen  are  the  principal 
elements  consumed,  and  the  amount 
of  caloric  produced  in  the  body  isjiro- 
cisely  the  same  as  would  have  resulted 
from  the  ordinary  combustion  of  these 
bodies  in  the  open  air.  In  both  cases 
the  products  are  carbonic  acid  and 
water. 

The  amount  of  heat  which  oxygen 
produces  in  combining  with  hydrogen 
is  considerably  greater  tlian  that  which 
the  same  amount  of  oxygen  produces 
in  combining  with  carbon.*  Hence 
a  diet  which  is  rich  in  unneutra- 
lized  hydrogen  supports  the  animal 
heat  better  than  one  in  wliich  the 
material  of  combustion  is  solely  or 
almost  entirely  carbon.  Accordingly, 
we  find  that  an  oily  animal  diet  in 
which  hydrogen  abounds  is  that  which 
is  preferred  in  cold  countries,  while 
in  warm  climates  the  hydrocarbo- 
nates  chiefly  are  consumed,  t  But 
in  the  production  of  the  animal  heat 

*  The  calorifacicnt  power  of  carbon  is 
78S1,  and  of  hydrogen  33808  ;  that  is  to 
say,  with  equal  weights,  hydrogen  pro- 
duces above  four  times  more  caloric  than 
carbon.  But  hydrogen  requires  only  Jth 
of  its  weight  of  oxygen  to  form  water,  while 
carbon  requires  2?  of  its  weight  to  form 
carbonic  acid.  Hence,  one  part  of  oxygen 
in  uniting  with  carbon  gives  2950  units  of 
heat,  and  in  uniting  with  liydrop;en  422G 
units  — a  unit  being  the  quantity  of  heat  re- 
quired to  raise  a  weight  of  water,  equal  to 
that  of  the  body  consumed,  one  degree  cen- 
tigrade. Supposing  now,  that  of  the  five 
parts  of  oxygen  absorbed  during  respira- 
tion, foiu-  unite  with  carbon  and  one  witli 
hydrogen,  tlie  proportion  of  heat  yielded  by 
the  former  will  be  11,800  units,  and  by  the 
l.-xtter  422G  units;  or,  the  amount  of  "heat 
afforded  by  the  carbon  will  he  rather  more 
than  twice  and  a  half  that  afibrded  by  the 
hydrogen. 

t  There  can  be  no  doubt  that  the  prin- 
cipal source  of  tlie  heat  of  the  body  is  the 
direct  union  of  oxygen  with  the  principles 
of  the  food  or  of  the  tissues  of  the  body ; 
but  many  physiologists  seek  additional 
sources  in  the  friction  of  the  blood  against 
the  walls  of  the  heart  and  the  coats  of  tiie 


the  state  of  the  blood  is  an  essential 
element.  The  red  corpuscles  being 
the  absorbers  and  carriers  of  oxygen 
(see  page  141),  where  they  are  defi- 
cient the  supply  of  oxygen  must  of 
necessity  be  deficient  also,  and  the 
vital  metamorphoses  be  imperfectly 
performed.  Accordingly  we  find,  as 
has  been  already  noticed  when  de- 
scribing the  blood,  that  in  pale  sickly 
girls,' in  whom  the  red  corpuscles  fall 
far  below  the  healthy  standard,  the 
generation  of  heat  is  very  imperfect ; 
wliile  it  is  abundant,  almost  to  excess, 
in  stout  plethoric  young  men.  The 
supply  of  red  corpuscles  can  be  kept 
up  by  the  digestion  of  albuminous  food 
only;  and  here  we  have  another  rea- 
son, beyond  the  comparatively  large 
proportion  of  hydrogen,  for  the  use  of 
an  animal  diet  in  cold  countries.  In 
general,  also,  other  conditions  being 
alike,  the  quantity  of  heat  generated 
is  in  proportion  to  the  size  of  the 
lungs  and  vigour  of  the  respiration ; 
and  when  these  are  impaired,  its  pro- 
duction is  diminished.  Hence,  many 
persons  with  imperfectly  developed 
lungs,  and  a  predisposition  to  con- 
sumption, complain  habitually  of  cold- 
ness of  the  surface  and  feet  ;  and 
many  who  were  previouslj'  in  good 
health,  become  more  and  more  sen- 
sible of  cold,  in  proportion  as  the  ap- 
proach of  disease  weakens  the  func- 
tions of  the  lungs.  I  have  noticed 
this  increased  sensibility  to  cold,  as  a 
precursor  of  chronic  pulmonary  dis- 
ease, both  in  myself  and  in  others,  be- 
fore any  other  very  obvious  symptom 
had  appeared  ;  and  I  think  I  have  seen 
its  farther  progress  arrested  by  the 
timely  use  of  proper  means,  where 
much  greater  difliculty  would  have 

blood-vessels,  in  the  contraction  of  the 
nuiscles,  &e.  The  amount  of  caloric  pro- 
duced by  the  lirst  of  these  causes  has  been 
estimated,  on  very  uncertain  datii,  at  about 
a  seventh  of  that  produced  by  osida- 
tii  u.  (Wagner's  Handwortorbuch  der  Phy- 
siologic, Band  iv.,  p.  TjO.)  If,  however,  we 
trace  back  these  auxiliary  sources  of  heat 
to  their  first  cause,  we  shall  find  them  all 
originally  springing  from  oxidation  ;  as  the 
overheating  of  the  axle  of  a  locomotive  is 
primarily  dpe  to  the  fire  of  the  engine, 
I  thougli  more  immediately  caused  by  friction. 
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been  experienced  had  the  warning  not 
been  attended  to. 

The  generation  of  heat  in  the  living 
system  being  so  immediately  connect- 
ed with  the  lungs  and  blood,  wo  find 
the  temperature  hi^jhest  in  those  ani- 
mals in  which  respiration  is  most  en- 
ergetic and  the  blood  richest  in  red 
globules, and  lowest  under  thecoutrary 
circumstances.  Thus  in  birds,  wliose 
lungs  are  largely  developed,  and  whose 
blood  contains  from  7  to  12  percent, 
more  of  red  globules  than  tliat  of  mam- 
mals, the  animal  heat  rises  in  some 
species  to  lll-^o"  F. ;  while  in  fishes 
and  reptiles,  where  respiration  is  slug- 
gish, and  the  blood  remarkably  poor 
in  red  corpuscles,  the  temperature 
scarcely  exceeds  that  of  the  medium 
in  which  they  live. 

"  The  muscular  tissue  of  fishes,"' 
says  Professor  Owen,  "  is  usually  co- 
lourless, often  opaline,  or  yellowish ; 
I  white  when  boiled  :  the  muscles  of  the 
pectoral  fins  of  the  sturgeon  and  shark 
are,  however,  deeper  coloured  than 
the  others ;  and  most  of  the  muscles  of 
the  tunny  arc  red,  like  those  of  the 
warm-blooded  classes.    The  want  of 
I  colour  relates  to  the  comparatively 
I  small  proportion  of  red  particles  in 
j  the  blood  of  fishes:  the  exceptions  cited 
I  seem  to  depend  on  increased  circu- 
lation, with  great  energy  of  action  ; 
and  in  the  bonito  and  tunny  witli  a 
greater  quantity  of  blood  and  a  higher 
temperature  than  in  other  fishes."* 
When  the  arteries  supplying  a  limb 
are  tied,  the  temperature  of  the  limb 
immediately  begins  to  fall ;  and  if  the 
supply  of  blood  be  totally  cut  off,  gan- 
grene speedily  takes  place,  because 
the  metaniorplioses  on  which  heat  and 
nourishment  depend  are   no  longer 
performed. 

It  is  almost  impossible  to  estimate 
the  quantity  of  heat  generated  in  the 
human  body  ;  but  various  calculations 
have  been  made  with  tliis  view,  some 
founded  on  the  quantity  of  heat  which 
the  body  is  found  to  impart  to  water 
in  a  given  time,  and  others  on  the 
quantity  of  oxygen  absorbed  by  the 

*  Lectures  on  tlie  Vertebrate  Anini.ils, 
p.  1C9. 


lungs.  Prom  the  latter  datum,  IT. 
Nassc  calculates  the  quantity  of  calo- 
ric produced  by  the  oxidation  of  the 
food  to  amount  in  2-1  hours  to2,G50,000 
units;  a  unit  being  the  quantity  re- 
quired to  raise  a  gramme  of  water  one 
degree  of  the  centigrade  scale.  In 
other  words,  the  caloric  generated  in 
24  hours  would  raise  100  lb.  troy  of 
water  from  32°  F.  to  124°  F.  The 
same  physiologist  calculates  tliat  about 
one-fourth  of  this  lieat  is  lost  by  eva- 
poration, two-thirds  by  radiation,  and 
about  one-twelfth  by  what  is  imparted 
to  the  air  inhaled  in  respiration  and 
what  is  carried  off  by  the  evacuations.* 
We  have  seen  that  the  carbonic  acid 
produced  by  respiration  is  diminished 
during  sleep.  In  accordance  with  this 
fact,  the  animal  heat  produced  is 
observed  to  be  diminished  likewise. 
Chossat,  in  his  experiments  on  inani- 
tion, found  that  the  immediate  cause 
of  death  in  starvation  is  diminished 
animal  heat,  arising  from  the  exhaus- 
tion of  material  witli  which  oxygen 
could  enter  into  combination,  and  that 
the  tendency  to  death  was  greatest  at 
night  when  the  animal  was  asleep. 
That  the  cause  of  this  tendency  was 
not  inherent  in  anything  simply  ap- 
pertaining to  the  night  was  evident 
from  the  temperature  of  the  animal 
immediately  rising  when  it  was  roused 
from  its  stupor.  In  the  case  of  hybei-- 
nating  animals,  the  temperature  falls 
during  the  state  of  torpor,  when  the 
function  of  respiration  is  almost  at  a 
stand,  so  low  as  52°  V. ;  but  no  sooner 
is  the  animal  roused,  than  the  func- 
tions of  life  are  called  into  such  ener- 
getic action,  that  tlie  temperature  rises 
in  a  few  hours  to  94" :  and  it  is  wor- 
thy of  remark,  that  during  this  period 
of  awakening,  the  carbonic  acid  given 
olf  by  the  lungs  very  mudi  exceeds 
the  quantity  excreted  after  the  animal 
has  attained  its  natural  waking  tem- 
perature.! An  increased  expenditure 
of  material  is  in  the  first  place  neces- 
sary to  warm  the  body.  It  is  evident, 
therefore,  that  respiration  is  modified 

'  Wagner's  Handworterbucli,  Band  iv., 
p.  7-t. 

f  Aunalcs  ile  Chimio  et  de  Pliysique, 
Auj^ust  1849,  p.  443, 


174 


REGULATION  OF  ANIMAL  HEAT. 


in  intensity  according  to  the  wants  of 
the  system ;  and  this  fact  is  further 
established  by  the  experiments  of  Le- 
tellier,*  who  found  that  the  consump- 
tion of  food  and  the  exhalation  of  car- 
bonic acid  is  greater  in  cold  than  in 
warm  weather, — and  by  the  observa- 
tions of  Vierordt,  who  remarked  that 
the  number  and  depth  of  the  inspira- 
tions diminish  with  an  increase  of  tem- 
perature.! From  calculations, founded 
on  the  experiments  of  the  last-named 
physiologist,  it  appears  that  an  indi- 
vidual excretes  above  3  oz.  avoirdu- 
IJois  (90  grammes)  more  of  carbonic 
acid  in  24  hours  at  a  temperature  of 
38"  than  at  74""  F.  ;  a  result  which 
would  necessitate  an  additional  supply 
of  food,  equivalent  to  nearly  half  a 
pound  of  bread,  three  ounces  of  fat,  or 
a  pound  of  flesh,  supposing  carbon  to 
be  the  sole  calorifacient  material. J 

And  here  we  are  again  called  on  to 
notice  one  of  those  beautiful  adapta- 
tions of  the  physical  laws  to  the  con- 
stitution of  man.  A  decrease  of  tem- 
perature is  accompanied  by  a  corre- 
sjionding  increase  of  the  density  of  the 
atmosphere,  and  consequently  a  given 
bulk  of  air  contains  a  considerably 
greater  quantity  of  oxygen  in  cold 
than  in  warm  weather,  llcnce,  in  cold 
Avcather  the  necessity  for  increased  ac- 
tion of  the  respiratory  organs  is  pro- 
portionally diminished,  as  the  aug- 
mented density  of  the  air  tends  of  it- 
self to  supijly  the  greater  amount  of 
oxygen  requisite  for  tlie  accelerated 
metamorphoses  of  the  food  and  tissues. 
It  is  a  curious  fact,  and  quite  in  accord- 
ance with  what  we  have  just  stated, 
that  the  difl'erence  between  arterial 
and  venous  blood  is  less  marked  in 
summer  than  in  winter.  Durins  the 
former  season  there  is  not  the  same 
necessity,  so  to  speak,  for  exhausting 
the  vital  powers  of  the  blood. 

From  what  has  been  said  the  reader 
will  perceive  that  the  body  possesses 
a  self-regulating  power,  by  which  it 
is  retained  at  a  uniform  temperature, 

*  Annales  de  Chimie  ct  de  Physique, 
"ma  Soiie,  vol.  xiii.,  p.  478. 

t  Wagner's  Handwortt-rbuch,  Band  iv., 
p.  80. 

:  Ibid.,  p.  83. 


and  which  acts,  partly  by  increasing 
or  diminishing  the  expenditure  of  the 
fuel  (or  food)  according  to  the  wants 
of  the  system,  and  partly  by  augment- 
ing or  decreasing  the  evaporation  from 
the  skin  and  lungs.  The  source  of  this 
regulating  power  lies  in  the  nervous 
system,  which  is  the  appointed  and 
ever-watchful  guardian  of  the  wellbe- 
ing  of  the  body.  For  the  proper  exer- 
cise of  its  functions,  the  nervous  system 
requires  a  temperature  of  98°  or  100°, 
and  the  diminution  of  even  a  few  de- 
grees acts  so  powerfully  and  prejudi- 
cially upon  it  that  it  soon  ceases  to  be 
able  to  fulfil  its  office.  Under  the  dimi- 
nished temperature  the  chemical  meta- 
morphoses which  accompany  vital  ac- 
tion cease,  and  the  source  of  heat  is  thus 
cut  off  at  the  fountain-head.  Life  is 
extinguished  precisely  on  the  same 
jirinciple  as  that  according  to  which  a 
sudden  gust  of  wind  extinguishes  a 
candle.  In  the  one  case  the  conver- 
sion of  the  food  and  tissues  into  car- 
bonic acid  and  water  is  stopped  ;  in  the 
other,  that  of  the  tallow  ;  and  in  both 
cases  the  cause  of  the  stoppage  of  the 
conversion  is  the  diminution  of  tem- 
perature. Every  one  must  have  expe- 
rienced the  difficulty  of  falling  asleep 
with  cold  feet.  The  reason  of  this 
seems  to  be,  that  the  nervous  system 
has,  as  it  were,  an  instinctive  percep- 
tion that,  were  its  watch  withdrawn  by 
sleep,  when  the  vital  powers  are  at  any 
rate  lowered,  the  cause  which  produces 
the  cold  would  then  act  with  increased 
power,  and  might  bring  on  disease  or 
even  destroy  life.  Hence  the  resist- 
ance which  it  oifers  to  drowsiness 
under  slight  degrees  of  cold.  In  cases 
of  exposure  to  a  very  low  temperature, 
however,  the  nervous  system  becomes 
itself  benumbed,  and  is  unable  to  re- 
sist the  approach  of  sleep,  which  is 
then  apt  to  pass  into  death.  All 
causes  that  destroy  or  weaken  the  sen- 
sibility of  the  nervous  system  are 
therefore  pregnant  with  danger  wlien 
the  body  is  exposed  to  severe  cold, 
and  hence  the  great  risk  of  havino-  re- 
course to  spirituous  liquors  under  such 
circumstances.  An  intoxicated,  is 
more  apt  than  a  sober  person  to  perish 
from  cold  ;  and  for  the  same  reason 
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drunkards  are  peculiarly  apt  to  fall 
victims  to  whatever  epidemic  may  he 
prevailing. 

As  a  good  illustration  of  these  prin- 
ciples the  following  anecdote  may  be 
quoted : — 

"  In  an  excursion  in  the  winter  of 
1792-3  from  St  John's  to  the  Bay  of 
Bulls,  North  America,  Captain  (the 
late  Ueneral)  Skinner  forming  one  of 
our  party,  we  had  on  our  return  to 
cross  a  large  lake  over  the  ice  some 
miles  in  extent.  When  about  the 
middle.  Captain  Skinner  informed  nie 
that  he  had  long  been  severely  pinched 
by  the  cold,  and  found  an  irresistible 
drowsy  fit  coming  on.  I  urged  him  to 
exertion,  representing  the  fatal  con- 
sequences of  giving  way  to  this  feel- 
ing, and  pointing  out  the  state  in 
which  his  wife  and  family  would  be 
fi)und  should  the  party  arrive  at  St 
John's  without  him.  These  thoughts 
roused  him  to  exertion  for  some  time ; 
but  when  he  had  reached  the  margin 
of  the  lake  he  ga^  e  way  and  declared 
he  was  utterly  unable  to  struggle 
farther,  delivering,  at  the  same  time, 
what  he  considered  his  dying  message 
to  his  family.  As  there  were  some 
bushes  near  the  spot  I  broke  off  a 
branch,  and  began  to  thrash  niy  fel- 
low traveller  with  it;  at  first  without 
much  apparent  effect ;  but  at  length  I 
Avas  delighted  to  find  that  my  patient 
winced  under  my  blows,  and  at  length 
grew  angry.  I  continued  the  applica- 
tion of  the  stick  until  he  made  an 
effort  to  get  up  and  retaliate,  lie  was 
soon  relieved  from  the  torpor,  and  as 
we  were  now  but  a  few  miles  from  St 
John's,  I  pushed  on  before  the  party, 
leaving  the  captain  under  special  care. 
I  left  also  the  stick  with  strong  in- 
junctions that  it  should  be  smartly 
applied  in  the  event  of  the  drowsiness 
returning.  I  soon  reached  the  town, 
and  had  some  warm  porter,  with  spice, 
I)ropared  against  the  ai'rival  of  my 
friends ;  with  this  and  considerable 
friction  he  was  enabled  to  proceed 
home,  where  he  arrived  perfectly  re- 
covered." * 


*  Memoirs  of  Admiral  Brenton. 
bers's  Journal,  June  16, 18'49. 


Cham- 


There  is  still  another  point  of  ana- 
logy between  the  processes  of  com- 
bustion and  respiration,  to  which, 
from  its  important  practical  conse- 
quences, I  am  anxious  to  direct  the 
particular  attention  of  the  reader.  On 
burning  a  given  quantity  of  carbon  or 
pure  charcoal  in  a  given  quantity  of 
air,  thdj  invariably  combine  in  the  same 
proportions  and  form precii>el>!  the  same 
amount  of  carbonic  aciil.  ¥ot  the  com- 
bustion of  12'7  grains  of  carbon,  for 
example,  100  cubic  inches  of  oxygen 
are  required,  and  the  result  is  always 
100  inches  of  carbonic  acid.  If  the 
portion  of  air  in  which  the  charcoal  is 
burned  contain  only  75  cubic  inches  of 
oxygen,  combustion  will  cease,  and 
'3-2  grains  of  the  carbon  will  remain 
unconsumed.  If,  again,  the  oxygen 
exceed  100  cubic  inches,  the  whole  of 
the  carbon  will  be  consumed,  and  the 
excess  of  oxygen  remain  behind.  The 
relative  quantities,  in  short,  are  fixed 
and  definite,  and  the  results  depend 
directly  on  the  proportions  in  which 
they  are  presented  to  each  other. 

In  respiration,  precisely  the  same 
law  holds.  Other  conditions  being  alike, 
a  given  iiuantitif  of  atmospheric  air,  at 
a  given  temperature,  can  oxygenate  only 
a,  certain  and  invariable  quantity  of 
similarly  constituted  venous  blood. 
When  the  proportion  of  air  is  too 
small,  it  is  unable  to  furnish  the 
requisite  amount  of  oxygen  ;  conse- 
quently a  portion  of  the  venous  blood 
remains  unchanged,  and,  becoming 
mixed  with  the  portion  which  has 
been  oxygenated,  circulates  with  it, 
and  proportionately  impairs  its  powers 
of  sustaining  life  and  nutrition. 
When,  again,  the  proportion  of  oxy- 
gen in  the  inhaled  air  is  artificially 
made  to  exceed  its  due  relation  to  tlie 
quantity  of  blood  passing  through  the 
lungs,  the  amount  of  carbon  required 
to  combine  with  it  is  wanting,  and  the 
excess  of  oxygen  thus  absorbed  proves 
so  highly  stimulating  as  speedily  to 
disturb  the  general  health.  Thus  if 
several  deep  and  ra[)id  inspirations  be 
made,  they  are  followed  by  noise  in 
the  ears  and  a  feeling  of  excitement  in 
the  brain ;  and  the  breath  may  then 
be  hel'd  a  considerable  time,  till  the 
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super-oxygenated  blood  has  been  ex- 
pended. Dr  Soiithwood  tSniith  calcu- 
lates that  each  contraction  of  the  heart 
propels  to  the  lungs  two  ounces  of 
blood,  and  that  the  proportion  of  air 
decomposed  by  it  amounts  to  8'5G03 
cubic  inches,  or  very  nearly  a  quarter 
of  a  pint.  According  to  this  estimate, 
as  the  heart  contracts  on  an  average 
four  times  for  each  act  of  inspiration, 
it  follows  that  for  every  time  wo 
breathe,  eight  ounces  of  blood  will  be 
acted  upon  by  one  pint  of  air.  But  if 
from  any  cause  the  quantity  of  air  en- 
tering the  lungs  be  reduced  to  three- 
fourths  of  a  pint, or,  what  is  the  same 
thing,  if  the  air  inhaled  be  so  impure 
as  to  contain  only  three- fourtlis  of  its 
proper  pi'oportiou  of  oxygen,  it  is  clear 
that  the  oxygenation  of  the  blood  will 
be  incomplete,  and  tliat  it  will  be  in- 
sufficient for  the  purposes  of  health. 

In  a  sanitary  point  of  view,  then,  it 
becomes  a  matter  of  great  practical 
importance  to  determine  the  amount 
of  fresh  air  that  ought  to  be  supplied 
to  every  individual  for  the  normal 
performance  of  the  function  of  respi- 
ration. In  deciding  this  question,  we 
must  consider,  firstly,  the  amount  of  car- 
bonic acid  ;  and,  secondly,  the  amount 
of  aqueous  vapour,  formed  during  the 
process  ;  for,  as  we  have  seen,  an 
atmosphere  containing  an  undue  pro- 
portion of  cax'bonic  acid,  and  one  sa- 
turated with  moisture,  are  botli  inju- 
rious to  the  health.  If,  now,  we  sup- 
jjose  that  eacli  individual  inhales  16 
pints  of  air  per  minute,  and  returns 
four  per  cent,  of  the  respired  air  as 
carbonic  acid,  we  have  an  hourly 
consumption  of  120  gallons  of  air, 
and  a  formation  of  live  gallons  of 
carbonic  acid  :  120  gallons  of  air, 
then,  is  the  minimum  ijuantity  which, 
according  to  tliese  data,  must  be  sup- 
plied hourly  to  every  individual  for 
the  purposes  oi' normal  i-espiration,  pro- 
vided all  the  carbonic  acid  is  carried 
off  as  it  is  formed  ;  but  a  much  larger 
supply  will  be  necessary  if  no  measures 
are  adopted  for  carrying  oft"  the  car- 
bonic acid  in  other  words,  if  there  be 
not  perfect  ventilation.  The  propor- 
tion of  carbonic  acid  in  the  atmosphere 
is,  we  have  seen,  about  four  parts  in 


10,000  ;  and  consequently,  if  five  gal- 
lons of  carbonic  acid  be  diffused  thi'o  ugh 
the  air,  5000  gallons  will  be  required 
to  give  the  j)roportion  of  ten  parts  in 
10,000 — a  proportion  more  than  double 
the  normal,  though  perhaps  not  sufK- 
ciently  great  to  affect  the  health  in- 
juriously.   Hence,  though  120  gallons 
or  19"25  cubic  feet  would,  with  perfect  ; 
ventilation,  be  a  sufficient  hourly  sup-  j 
ply  of  fresh  air  to  yield  the  necessary  i 
oxygen,  an  individual  would  require 
5000  gallons,  or  802  cubic  feet,  if  shut 
up  in  a  close  room  where  all  renewal 
of  air  was  impossible,  to  keep  the  car- 
bonic acid  from  exceeding  one  part  in  , 
a  thousand.  j 
Let  us  now  examine  the  question  from  I 
another  point  of  view,  and  assume  that  i 
at  an  average  each  individual  gives  off'  ! 
in  an  hour  oneounce  and  a  half  of  water  ' 
by  tiie  skin  and  lungs.    The  breath  is-  j 
sues  fi'om  the  lungs  at  a  temperature  j 
of  98°  F.  saturated  with  aqueous  va-  | 
pour  ;  part  of  this  vapour,  by  coming  ] 
in  contact  with  a  colder  medium,  is  im-  t 
mediately  condensed,  and  the  air  be-  j 
comes  loaded  with  moisture,  holding  in  j 
suspension  those  subtle  nitrogenous  i 
principles,  which  when  concentrated  ! 
act  as  deadly  poisons.  The  quantity  of  ' 
air  necessary  to  dissolve  a  certain  quan-  1 
tity  of  water  varies  with  the  tempera-  j 
ture,  but  it  is  calculated  that  at  59°  F.  | 
125  cubic  feet  of  dry  air  are  necessary  j 
to  dissolve  an  ounce  and  a  half  of  water.  ' 
J5ut  if  we  take  the  air  as  already  half  ; 
saturated  with  water  (which  may  be 
assumed  to  be  its  usual  condition  in  | 
this  country),  250  cubic  feet  will  be  ' 
required  to  dissolve  the  same  quantity  ;  ■ 
and  consequently  tliis  amount  of  fresh  I 
air  must  be  supplied  every  hour  to  en- 
sure perfect  ventilation,  and  keep  the  > 
atmosphere  pure  and  untainted.    The  j 
foul  air  must  at  the  same  time  be  car-  | 
ried  off.     A  space  containing  2500  j 
cubic  feet  of  air,  and  receiving  no  ' 
fresh  supply,  will  not  serve  the  pur- 
poses of  healthy  respiration  during  i 
10  hours  equally  well  with  one  con-  • 
taining  only  250  cubic  feet,  but  re-  i 
newed  every  hour  for  ten  successive  | 
hours.    In  ventilation,  tlierefore,  the 
object  must  be  to  remove  the  foul  air 
as  fast  as  it  is  formed,  and  for  this 
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purpose  a  minimum  supply  of  250 
cubic  feet  of  fresli  air  should  be  hourly 
introduced  for  every  individual  pre- 
sent. The  langour,  exhaustion,  and 
headaches,  which  occur  in  churches, 
theatres,  and  ballrooms,  are  just  so 
many  warnings  that  ventilation  is  not 
properly  attended  to,  that  the  lungs  are 
insufficiently  supplied  with  oxygen  to 
decarbonise  the  blood  passing  through 
them,  and  that  the  system  is  suffering 
the  evil  consequences  which  such  cir- 
cumstances are  fitted  to  produce. 

When  these  warnings  are  neglected, 
and  the  same    air   continues  to  be 
breathed  again  and  again,  the  propor- 
tion of  carbonic  acid  at  last  becomes 
so  large  that  its  presence  in  the  in- 
haled air  prevents  its  farther  elimina- 
tion from  the  blood.    It  tlms  acts  as  a 
poison,  and  extinguishes  life.    This  re- 
sultoccurs  very  speedily  when  thequan- 
tity  of  carbonic  acid  in  the  air  reaches 
the  amount  of  10  per  cent.  ;  but  a  much 
smaller  quantity,  especially  when  com- 
bined with  animal  efHavia,  is  sufficient 
to  produce  fatal  effects  when  its  action 
is  prolonged.    The  most  terrible  ca- 
tastrophe known  to  have  arisen  from 
this  cause,  is  that  which  occurred  in  the 
Black  Hole  of  Calcutta  in  1756.  One 
hundred    and   forty-six  Englishmen 
were  thrust  into  a  wretched  prison  18 
feet  square,  in  which  there  were  only 
two  very  small  windows  by  which  air 
could  be  admitted ;  but  as  both  of  these 
were  on  the  same  side,  ventilation  was 
utterly  impossible.    Scarcely  was  the 
door  shut  upon  the  prisoners,  when 
their  sufferings  commenced,  and  in  a 
short  time  a  delirious   and  mortal 
struggle  ensued  to  get  near  the  win- 
dows.   Within  four  hours,  those  who 
survived  lay  in  the  silence  of  apoplec- 
tic stupor ;  and  at  the  end  of  six  hours, 
ninety-six  were  relieved  by  death  I  In 
the  morning  when  the  door  w  as  opened, 
23  only  were  found  alive,  many  of 
whom  were  subsequently  cut  off  by 
putrid  fever,  caused  by  the  dreadful 
effluvia  and  corruption  of  the  air. 

But  it  may  be  said,  such  a  cata- 
strophe as  this  could  happen  only 
among  a  barbarous  and  ignorant  peo- 
ple. One  would  think  so;  and  yet 
such  is  the  ignorance  prevailing  among 


ourselves,  tliat  more  than  one  parallel 
to  it  can  be  pointed  out  even  in  our 
own  history.  Of  the  instances  to 
which  I  allude,  one  is  published  in 
the  life  of  Crabbe  the  poet.  When 
ten  or  eleven  years  of  age,  Crabbe  was 
sent  to  a  school  at  Bungay.  "  Soon 
after  his  iirrival  he  had  a  very  narrow 
escape.  He  and  several  of  his  school- 
fellows were  punished  for  playing  at 
soldiers,  by  being  put  into  a  large 
dog-kennel,  known  by  the  terrible 
name  of  the  'Black  Hole;' — Cleorge 
was  the  first  tliat  entered;  and  the 
place  beiiig  crammed  full  with  offend- 
ers, the  atmospliere  soon  became  pes- 
tilentially close.  The  poor  boy  in  vain 
shrieked  that  he  was  about  to  be  suf- 
focated. At  last  in  despair,  he  bit  the 
lad  next  to  him  violently  in  the  hand; 
— '  Crabbe  is  dying — Crabbe  is  dying,' 
roai-ed  the  sufferer ;  and  the  sentinel 
at  length  opened  the  door,  and  allowed 
the  boys  to  rush  out  into  the  air.  My 
father  said,  '  A  minute  more  and  1 
must  have  died.' 

Another  instance  of  a  very  similar 
kind  is  mentioned  in  Walpole's  Let- 
ters.   A  parcel  of  drunken  constables, 
he  says,  took  it  into  their  heads  to  ar- 
rest every  body  they  met,  and  thrust 
them  into  St  Martin's  round  house. 
Five  or  six  and  twenty  persons  were 
thus  shut  up  all  night  with  closed 
doors  and  windows.    In  the  morning, 
four  were  found  suffocated  for  want 
of  air,  two  died  shortly  after,  and  a 
dozen  more  were  "  in  a  shocking  way." 
A  similar  but  less  tragical  case  occurred 
but  a  few  years  ago  at  Tain  in  Ross- 
shire,  where  several  persons  arrested 
for  rioting  were  almost  suffocated  by 
being  confined  in  a  small  closet  that 
had  been  used  as  the  safe  of  a  bank. 
But  the  most  fearful  instance  in  mo- 
dern times,  and  one  rivalling  in  horror 
that  of  the  Black  Hole  of  Calcutta, 
occurred  in  the  Irish  steamer  "  Lon- 
dondei'ry,"  on  the  night  of  1st  Decem- 
ber 184S,  when  of  150  passengers, 
crowded  together  in  a  narron-  cabin 
on  account  of  the  stormy  nature  of 
tlie  weather,  not  fewer  than  70  wcro 
suffocated  before  morning  I 

*  Crabbe's  Life,  by  his  Son,  p.  17. 
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In  these  deplorable  examples  of  the  | 
misery  caused  by  ignorance  of  the 
simplest  laws  of  the  animal  economy, 
the  effects  arising  from  the  absence  of 
a  due  proportion  of  oxygen  in  the  air 
inhaled  are  portrayed  in  appalling 
colours.     But  those  which  are  pro- 
duced  by  breathing  an  atmosphere 
vitiated  to  a  smaller  extent,  are,  al- 
though not  so  strikingly  obvious,  by 
no  means  less  real.    God  has  decreed 
that  a  certain  proportion  of  oxygen 
contained  in  pure  air,  shall  suffice  for 
the  aeration  of  only  a  fixed  and  deter- 
minate quantity  of  venous  blood.  If 
we  adapt  our  circumstances  to  this 
law,  we  reap  our  reward  in  comfort 
and  health.    Whereas,  if  we  neglect 
it  and  persevere  in  breathing  an  at- 
mosphere loaded  with  putrefying  ani- 
mal effluvia,  and  containing  less  than 
the  requisite  quantity  of  oxygen,  with 
more  than  the  usual  quantity  of  car- 
bonic acid,  we  have  no  more  l-ight  to 
expect  to  enjoy  health,  energy,  and 
activity  of  mind  and  body,  than  to 
expect  a  fire  to  burn  without  air,  or  a 
fish  to  live  out  of  the  water.    As  an 
example  of  the  manner  in  which  human 
life  is  often  sacrificed  by  the  prolonged 
breathing  of  an  impure  air,  not  suffi- 
ciently lethal  to  produce  at  once  fatal 
consequences,  we  may  here  quote  an 
instructive  instance  furnished  by  the 
Taunton  workhouse.    "  In  the  begin- 
ing  of  June  1849,  a  sudden  and  violent 
outbreak  of  cholera  occurred  in  the 
workhouse  of  the  town  of  Taunton. 
No  case  of  cholera   had  previously 
existed,  nor  did  any  subsequently  take 
place  among  the  general  inhabitants 
of  the  town,  though  diarrhcca  was 
prevalent  to  a  considerable  extent. 
The  workhouse  is  badly  constructed; 
the  ceilings  of  the  rooms  being  in 
general  not  more  than  8  feet  9  inches  in 
height,  and  the  ventilation  extremely 
defective.   Into  the  girls' school-room, 
a  slated  shed,  50  feet  long,  9  feet  10 
inches  broad,  and  7  feet  9  inches  in 
height  to  the  top  of  the  walls,  the  roof 
being  sloping,  there  were  huddled  67 
children.    Each  child  had,  therefore, 
for  respiration  only  about  68  cubic 
feet  of  air.    The  epidemic  influence 
which  was  pervadingthe  district  struck 


this  establishment.    On  November  3d, 
one  of  the  inmates  was  attacked  with 
cholera  ;  in  ten  minutes  from  the  time 
of  the  seizure,  the  sufferer  passed  into 
a  state  of  hopeless  collapse  ;  within  the 
space  of  48  hours  from  tlie  first  attack 
42  cases  and  19  deaths  had  taken  place ; 
and  in  the  course  of  one  week  60  of 
the  inmates  had  been  swept  away.  A 
curious  circumstance  (says  Dr  Suther- 
land) occurred  with  respect  to  the 
boys'  school.      This  apartment  was 
rather  worse  than  that  of  the  girls  ■ 
but  the  boys,  who  were  good  and  obe- 
dient in  other  respects,  could  not  be 
kept  from  breaking  the  windows.  In 
the  girls'  school  the  windows  were 
never  broken  ;  and  the  cliaplain  of  the 
workhouse  states  his  firm  belief,  that 
it  was  to  the  better  ventilation,  which 
the  broken  windows  maintained  in  the 
boys'  school,  that  the  children  in  some 
measure  owed  their  lives."*  Twenty- 
five  girls  died  and  nine  boys,  along 
with  their  schoolmaster. 

Again  :  "  In  the  county  gaol,  situ- 
ated in  the  same  town,  the  space  al- 
lowed to  each  prisoner  ranges  from 
819  to  935  cubic  feet ;  at  the  same 
time  there  passes  through  each  cell  a 
perfect  system  of  ventilation,  while  a 
temperature  is  maintained  that  hardly 
varies  three  degrees  in  24  hours.  Each 
prisoner  has  abundant  means  of  clean- 
liness. The  inmates  of  the  gaol,  though 
in  confinement,  being  surrounded 
hij  the  appliances  of  health,  escaped 
tuilhont  experiencing  the  slightest  touch 
of  the  epidemic ;  tvhile  of  the  276  in- 
mates of  the  workhouse,  no  fewer  than 
60,  or  nearly  22  p>er  cent,  of  the  whole 
number,  died  of  cholera  within  one 
week,  and  nearly  all  the  survivors  suf- 
fered to  a  greater  or  less  extent  from 
cholera  or  diarrha;a.''1; 

That  the  outbreak  of  cholera  in  the 
workhouse,  and  the  escape  of  the  pri- 
soners in  the  jail,  were  not  mere  acci- 
dents, sufficiently  appears  on  compar- 
ing the  mortality  of  the  two  establish- 
ments  during  a  period  of  seven  years 
from  1842  to  1848,  both  inclusive. 

*  Report  by  the  Board  of  Health,  on  the 
Epidemic  Cholera  of  1848  and  1849,  p.  37, 
t  Report,  p.  71. 
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The  average  number  of  inmates  of  the 
woj'khouse  during  each  of  tliese  years 
was  315,  and  the  average  number  of 
deaths  49,  or  one  in  6'4, — a  mortality 
which  must  be  regarded  as  excessive, 
even  although  it  be  admitted  that  a 
large  proportion  of  the  paupers  entered 
the  bouse  in  a  sickly  state.  During 
the  same  period  4940  prisoners  passed 
through  the  gaol,  and  of  these  only 
11  died,  one  being  83  years  of  age. 

Perhaps  no  other  case  on  record 
shews  more  clearly  to  what  extent 
man  has  the  preservation  of  health  in 
his  own  keeping.  Here,  on  the  one 
hand,  we  have  a  mortality  exceeding 
that  of  an  hospital  for  the  sick,  occa- 
sioned, in  a  great  measure,  by  man's 
ignorance  and  neglect  of  the  laws  of 
health ;  and,  on  the  other,  even  un- 
der the  disadvantage  of  confinement, 
a  degree  of  health  such  as  is  rarely 
obtained  under  the  most  favourable 
circumstances,  but  which  here  was  the 
reward  of  obedience  to  these  same 
laws.  In  domestic  and  social  life, 
however,  they  are  habitually  disre- 
garded to  an  extent  which  will  ap- 
pear incredible  when  the  practical 
benefits  of  physiology  shall  be  more 
correctly  appreciated,  and  its  innu- 
merable applications  bo  made  more 
extensively  known  through  the  ordi- 
nary education  of  the  young.  To 
hasten  the  arrival  of  this  period  as 
far  as  lies  in  my  power,  I  shall,  in  the 
following  chapter,  direct  attention  to 
a  few  of  the  more  prominent  advan- 
tages to  be  obtained  from  the  regular 
observance  of  the  laws  of  respiration, 
not  only  in  the  prevention  and  cure 
of  disease,  but  in  promoting  the  moral 
and  intellectual  as  well  as  physical 
well-being  and  happiness  of  the  race. 


CHAPTER  XL 

LAWS  OF  RESPIRATION. — CONDITIONS 
OF  HEALTH  OF  THE  LUNCiS. 

In  the  Instructive  and  elaborate  Ap- 
pendix by  Mr  Farr  to  the  Registrar's 


Second  Annual  lieport  of  Births,  Mar- 
riages, and  Deaths,  it  is  stated  that  27  J 
per  cent,  of  the  total  deaths  in  Eng- 
land and  Wales  for  1838  were  owing 
to  diseases  of  the  respiratory  organs, 
and  that  of  these  no  less  than  59,025 
ai'ose  from  consumption  alone.  Of 
that  number  31,090  were  of  females, 
and  27,935  of  males ;  being  in  the 
proportion  of  16'0  of  males  to  19'2  of 
females.  Supposing  the  deaths  from 
consumption  in  Scotland  and  Ireland 
to  bear  the  same  relation  to  the  popu- 
lation as  in  England  and  Wales,  the 
total  number  for  the  United  Kingdom 
will  fall  little  short  of  100,000  annu- 
ally. 

During  the  eight  years  1840-47, 
the  average  number  of  deaths  from 
consumption  in  London  alone  was 
7030 ;  one  death  out  of  every  seven 
being  caused  by  this  disease,  the  total 
average  mortality  amounting  to  49,734. 
If  now  we  bear  in  mind  that,  taking 
healthy  and  unhealthy  districts  to- 
gether, about  one-third  of  the  popu- 
lation of  London  is  swejJt  away  be- 
fore attaining  the  age  of  five  years, 
and  that  consumption  is  a  malady  of 
comparatively  rareoccurrence  inchild- 
hood,  it  is  obvious  that  its  ravages 
must  fall  with  peculiar  severity  upon 
the  adult  pojjulation.  Accordingly, 
we  find  that  about  40  per  cent,  of  the 
total  number  of  cases  occur  during  the 
decennial  period  from  20  to  30  years 
of  age.  If  any  thing  farther  were  re- 
quired to  excite  an  interest  in  the  in- 
vestigation of  the  causes  and  means 
of  preventing  this  prodigious  fatality, 
the  fact  that  the  young,  the  amiable, 
and  the  gifted  are  thus  carried  off  in 
a  far  higher  proportion  by  consump- 
tion than  by  any  other  disease,  would 
be  sufficient  to  arouse  our  solicitude. 
But  I  feel  assured  that  the  inherent 
importance  of  the  inquiry  will  of  itself 
be  sufficient  to  enlist  the  attention  of 
every  reflecting  reader. 

From  the  general  explanation  al- 
ready given  of  the  structure  and  uses 
of  the  lungs,  it  will  be  obvious  that 
several  conditions,  which  it  is  our  in- 
terest carefully  to  study  and  observe, 
are  essential  to  the  healthy  perform- 
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ance  of  respiration.  First  among 
these  we  may  rank  an  abxmdant  su])- 
phj  of  jyure  atmospheric  air,  containing 
its  full  proportion  of  twenty-one  per 
cent,  of  oxiigen,  and  not  more  than  its 
due  proportion  of  about  four  parts  in 
ten  thousand  of  carbonic  acid.  Implied 
in  this  condition,  or  at  least  practically 
inseparable  from  it,  is  another — that 
nothing  shall  impede  the  full  play  and 
dilatation  of  the  lungs;  so  that  at  cveri' 
inspiration  a  sufficient  quantity  of  pure 
air  shall  be  received  into  the  air-cells  to 
ensure  the  due  and  complete  oxygena- 
tion of  the  whole  venous  blood  subjected 
to  its  action.  Let  us  treat  of  these 
conditions  in  succession. 

If  a  mouse  be  confined  under  a  large 
glass-jar,  full  of  air,  but  so  arranged 
that  no  fresh  air  can  possibly  enter, 
the  little  creature  will  not  for  some 
time  shew  any  appearance  of  incon- 
venience, because  as  yet  the  air  which 
the  jar  contains  will  be  tolerably  pure. 
In  pi'oportion  as  the  consumption  of 
oxygen  and  the  consequent  exhalation 
of  carbonic  acid  proceed,  it  will  begin 
to  shew  symptoms  of  uneasiness  ana- 
logous to  those  which  are  experienced 
by  delicate  persons  in  a  close  and 
crowded  hall.   In  a  little  while  longer 
it  will  be  observed  to  pant  in  its 
breathing,  and  to  dilate  its  lungs  to 
their  utmost  limits,  as  if  struggling 
for  air,  precisely  as  is  described  to 
have  occurred  with  the  wretched  pri- 
soners in  the  Black  Hole  of  Calcutta, 
and  with  the  poet  Crabbe.    In  a  few 
hours  more  it  will  die  convulsed,  ex- 
actly as  if  drowned  or  suffocated.  Pre- 
cisely analogous  results  follow  the  de- 
privation of  air  in  man,  fishes,  and 
all  other  animated  beings :  and  in 
hanging,  death  ensues,  not  from  dis- 
location of  the  neck,  as  is  often  sup- 
posed, but  simply  from  the  want  of 
air  in  the  lungs  to  effect  the  necessary 
changes  in  the  constitution  of  the 
venous  blood. 

Assuming  the  accuracy  of  the  esti- 
matn  by  Dr  Southwood  Smith,  that  in 
a  person  of  average  size,  one  pint  of 
pure  air,  containing  about  one-fifth  of 
oxygen,  suflices  to  oxygenate  eight 
ounces  of  venous  blood,  it  follows  that 
whenever  the  quantity  of  air  inhaled 


falls  short  of  one  pint,  it  will  prove  in- 
sufficient for  the  formation  of  proper 
vital  blood,  and  will  consequently  give 
rise  to  impaired  health,  or,  in  extreme 
cases,  to  death  itself.  It  is  perfectly 
unimportant  to  the  argument  whether 
Dr  Smith  has  hit  upon  the  precise  re- 
lation which  the  air  holds  to  the  blood 
or  not,  or  whether  the  proportion  varies 
at  different  times,  in  different  circum- 
stances, and  in  different  constitutions. 
Some  proportion  docs  exist  which  is 
better  adapted  than  any  other  for  the 
arterialization  of  the  venous  blood  ; 
and  whatever  that  mav  be,  the  conclu- 
sion  founded  on  its  being  attended  to 
or  neglected  is  equally  applicable, 
whether  one  or  twenty  pints  of  air  be 
required  to  oxygenate  any  given  quan- 
tity of  blood.  For  this  reason  I  shall 
adopt  Dr  Smith's  calculation  as  at 
least  a  probable  one,  although  I  am 
quite  aware  that  the  quantity  of  oxy- 
gen required  varies  with  the  state  of 
the  system  and  the  constitution  of  the 
blood. 

If,  then,  a  certain  proportion  of  pure 
air  be  necessary  to  convert  venous  into 
healthy  arterial  blood,  it  is  manifest 
that  any  departure  from  that  propor- 
tion must  be  injurious,  because  it  will  I 
be  to  that  extent  insufficient  for  the 
purposes  of  respiration,  and  in  oppo- 
sition to  the  express  laws  of  the  animal 
economy  as  ordained  by  its  omniscient 
Creator.  We  have  now  to  shew  that, 
daily  and  hourly,  and  under  every 
variety  of  circumstances,  that  propor- 
tion is  often  absent,  and  that  much 
suffering  and  great  mortality,  Avhich 
might  be  easily  prevented,  are  thereby 
induced. 

There  are  various  ways  in  which 
the  lungs  may  be  deprived  of  the  re- 
quisite supply  of  pure  air  for  respira- 
tion. In  the  frst  place,  an  obstacle 
may  prevent  the  passage  of  the  air 
through  the  windpipe:  this  sometinn  - 
happens  in  quinsy  and  in  croup,  an 
it  may  also  occur  from  foreign  bodn 
choking  up  the  throat,  or  from  stran- 
gulation. In  this  state,  no  air  can  be 
admitted  to  the  lungs,  and  death  is  the 
speedy  result.  Secondly,  The  lungs 
may  be  deprived  of  their  due  propor- 
tion of  air  by  any  cause  compressing 
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the  chest  externally  in  such  a  way  as 
to  prevent  the  proper  expansion  of  the 
lungs  and  air-cells.  This  is  a  fre- 
quent occurrence,  alid,  when  conti- 
nued, is  a  very  common  source  of  bad 
health  and  diseased  lungs.  The  most 
prevalent  mode  of  compression  of  the 
chest  consists  in  the  use  of  tight  waist- 
bands and  corsets  by  young  women, 
vvlio  are  anxious  to  possess  •wh&t  they 
considera  fine  figure.  Compression  to  a 
Imrtful  extent  is  also  met  with  in  many 
trades  in  which  a  bent  position  is  re- 
quired. Shoemaliers,  forexample,  who, 
when  at  work,  sit  almost  doubled  up, 
sutfer  from  compression  of  the  chest, 
and  can  rarely  take  a  full  breath.  But 
in  all  such  cases  the  principle  is  the 
same.  The  lungs  are  deprived  of  suf- 
ficient air  to  oxygenate  the  blood  ;  and, 
as  a  consequence,  the  blood  is  deterio- 
rated in  quality,  and  affords  imperfect 


sustenance  to  the  organism.  This  re- 
sult and  its  explanation  are  so  obvious 
that  I  shall  not  dwell  upon  them,  but 
only  add  two  or  three  illustrations  of 
the  extent  to  which  young  women 
voluntarily  injure  themselves  by  com- 
pression of  the  chest,  in  the  vain  pur- 
suit of  an  object  which,  thus  aimed  at, 
never  fails  to  elude  their  grasp. 

According  to  the  natui-al  formation 
of  tlie  lungs  and  chest,  both  are  nar- 
rowest at  the  upper  part,  and  become 
broader  and  broader  till  below  the 
sixth  or  seventh  rib.  This  will  be 
apparent  on  comjmring  fig.  13,  which 
shews  the  natural  form  of  the  chest, 
witli  fig.  14,  representing  the  shape 
sometimes  given  it  by  means  of  exter- 
nal pressure.  These  two  cuts  are  bor- 
rowed from  Mr  Wilson's  work  on  the 
Skin. 


Fig.  13. 


Fig.  13. — A  diagram  showing  the  natural 
form  of  the  healthy  chest,  and  tlie  proper 
position  of  the  organs  which  it  contains. 

1,  Tlie  spine.  2,  2,  The  coll:u--bones. 
3,  3,  The  seven  upper,  or  true  ribs.  4,  4, 
The  five  lower  or  false  ribs.  5,  The  breast- 
bone, with  which  the  true  ribs  are  joined. 
6,  The  sword-shaped  extremity  of  the  breast- 
bonu.   7,  7,  The  upper  part  of  the  two  lungs 


rising  into  the  base  of  the  neck.  8,  8,  The 
right  lung,  seen  between  the  ribs.  9,  9,  The 
left  lung,  seen,  in  like  manner,  between  the 
ribs.  10,  10,  The  heart.  11,  11,  A  thin 
layer  of  muscle,  the  midriff,  which  divides 
the  upper  from  the  lower  part  of  the  chest. 
Medically,  that  part  only  is  the  chest  which 
lies  above  the  midriff.  The  midriff" is  arched, 
and  forms  a  kind  of  dome,  upon  which  the 
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heart  and  lungs  rest.  This  circumstance, 
and  the  occupation  of  the  cavity  of  the 
dome  by  the  liver  and  stomach,  cause  the 
lower  and  front  part  of  the  lungs  to  lie  be- 
fore the  upper  portion  of  the  liver ;  and  the 
stomach,  in  like  manner,  to  lie,  in  part,  be- 
hind the  heart.  12,  I'i,  The  liver.  13,  13, 
The  stomach.  14,  The  continuation  of  the 
stomach,  termed  duodenum.  This  is  the 
first  part  of  the  bowel,  and  is  the  frequent 
seat  of  pain.  15,  The  transverse  portion 
of  the  largo  bowel  or  colon.  16,  The  upper 
part  of  the  colon  of  the  right  side,  bending 
inwards  to  become  the  transverse  colon.  17, 
The  commencement  of  the  colon  of  the  left 
side  ;  being  the  continuation  of  the  trans- 
verse colon. 


Fig.  14. — The  chest  distorted  from  the 
abuse  of  stays.  If  this  figure  be  compared 
with  the  preceding,  or  with  that  on  page 
158,  the  efi;'ects  of  pressure  will  be  seen  at 
once.  The  figure  is  drawn  from  a  chest  in 
Mr  WUson's  possession.  The  letters  a  a 
refer  to  a  dotted  line,  which  indicates  the 
position  of  the  midriff. 

A  similar  contrast  may  be  obtained 
by  placing  a  cast  of  the  Venus  de  Me- 
dicis  beside  any  young  woman  who,  by 
the  diligent  employment  of  stays,  has 
succeeded  in  converting  the  form  that 
the  Creator  bestowed  on  her,  into  one 
which  she  in  her  wisdom  deems  more 


beautiful.   The  statue  of  the  Venus  ex- 
hibits the  natural  shape,  which  is  re- 
cognised by  artists  and  persons  of  a 
cultivated  taste  as  the  most  beautiful 
which  thefemale  figure  can  assume :  ac- 
cordingly, it  is  that  aimed  at  in  all  the 
finest  statues  of  ancient  and  modern 
times.  Misled,  however,  by  ignorance, 
and  a  false  and  most  preposterous 
taste,  women  of  fashion,  and  their 
countless  flocks  of  imitators,  down  to 
even  the  lowest  ranks  of  life,  have 
gradually  come  to  regard  a  narrow  or 
spider-waist  as  an  ornamant  worthy  of 
attainment  at  any  cost  or  sacrifice,  and 
endeavoured  with  a  courage  and  perse- 
verance worthy  of  martyrs,  to  reverse 
the  proportions  of  nature,  and  produce 
the  misshapen  figure  which  so  fre- 
quently courts  admiration  in  our  streets 
and  ball-rooms,  and  which  is,  of  course, 
the  hcau  ideal  of  fashionable  beauty ! 
An  inspection  of  the  above  two  figures 
will  enable  the  reader  to  judge  of  the 
extent  to  which,  under  such  compres- 
sion, full  respiration  must  be  impeded, 
or  rather  be  rendered  impossible  ;  and 
how  certainly  the  blood  must  be  deteri- 
orated for  want  of  a  sufficient  supply 
of  oxygen. 

That  such  results  are  really  experi- 
enced from  compression,  is  proved  by 
many  facts.    In  the  course  of  some  ex- 
periments on  the  subject,  Mr  Thackrah 
found  that,  while  the  young  men  era- 
ployed  in  a  flax-mill  could  expel  from 
the  chest  by  a  forced  expiration  from 
six  to  ten  pints  of  air,  the  young  women 
employed  in  the  same  mill,  and  con- 
sequently under  similar  circumstances, 
could  expel  only  from  two  to  four  pints. 
In  ten  of  these  females,  of  about  18J 
years  of  age,  stated  by  Mr  Thackrah  i 
to  be  "  labouring  under  no  disease," ' 
he  found  tlie  average  to  be  three  and  I 
a  half  pints,  while  in  the  young  men  i 
of  the  same  age  it  amounted  to  six : 
pints.    Some  allowance  must  of  course  • 
be  made  for  the  naturally  smaller  size  • 
of  the  lungs  in  females;  but  Mr  Thack- 
rah seems  to  me  to  be  correct  in  ascrib- 
ing this  great  disparity  '•'  chiefly  to  the 
lacing  of  the  chest."*  I  have  seen  one 

*  Thackrah  on  Employments  as  affecting 
Health  and  Longevity,  p.  95, 
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case  in  which  the  ribs  were  disfigured, 
and  even  the  liver  was  deeply  indented, 
by  tlie  pressure  of  a  very  tight  waist- 
band, and  in  which  long-continued  bad 
Ileal th,  and  ultimately  death,  were  the 
results.  In  another  case  which  fell 
under  my  observation,  the  liver  was 
similarly  indented,  and  its  lower  mar- 
gin flattened  by  the  pressure.  In  the 
lleport  of  the  Glasgow  Lunatic  Asylum 
for  1838-9,  an  instructive  case  of  the 
same  kind  is  mentioned.  The  patient 
was  "  a  female  pauper,  aged  fifty-two, 
who  died  of  dropsy  of  the  chest,  con- 
nected with  a  singular  displacement 
of  the  liver,  lungs,  and  heart,  in  con- 
sequence of  the  very  injurious  practice 
of  tight  lacing,  to  whicli  she  had  been 
addicted,  with  maniacal  obstinacy,  from 
early  life."  In  all  these  cases,  the 
lower  lobes  of  the  lungs  must  have 
been  so  much  compressed  as  to  render 
their  due  dilatation  impossible. 

Estimating  an  ordinary  inspiration 
in  a  healthy  well-formed  young  woman 
to  be  twenty  cubic  inches  of  air,  and 
supposing  that,  from  excessive  com- 
pression by  corsets  or  a  tight  waist- 
band, the  expansion  of  the  lungs  be 
reduced  so  far  that  only  fifteen  inches 
of  air  can  be  inhaled  at  each  inspira- 
tion, it  will  not  be  difficult  to  under- 
stand the  deleterious  influence  pro- 
duced by  it  on  the  general  health,  and 
on  the  lungs  themselves.  Tlie  propor- 
tion of  o.Kygen  in  twenty  inches  of  pure 
air  is  as  nearly  as  possible  one-fifth, 
or  four  inches.  This,  therefore,  is  the 
quantity  which  wo  assume  to  be  re- 
quired to  aerate  the  eight  ounces  of 
blood  subjected  to  i-  u-tion.  Eut  if, 
inconsequence  of  M;;ii  lacing,  only 
fifteen  inches  of  air  c  :  enter  the  lungs 
at  each  inspiration,  it  is  as  clear  as 
noon-day  that  the  requisite  proportion 
of  oxygen  to  the  blood  will  be  dimi- 
nished by  one-fourth,  or  reduced  from 
four  to  three  inches.  Hence  the  venous 
blood  passing  through  the  lungs  will 
be  imperfectly  arterialized,  and  will 
bo  relatively  unfit  for  the  support  of 
life  and  nutrition.  I  repeat  that  I  do 
not  adduce  these  proportions  as  either 
rigidly  corrector  invariable,  but  mere- 
ly as  suflScient  to  illustrate  the  principle 
according  to  which  compression  acts. 


That  its  effects  are  really  as  deleteri- 
ous as  the  application  of  the  principle 
would  lead  us  to  expect,  I  shall  pre- 
sently attempt  to  shew  by  a  reference 
to  actual  experience,  after  premising 
a  few  general  observations  on  the  na- 
ture of  the  changes  which  ensue  in  the 
blood  from  imjjerfect  arterialization. 

The  blood,  as  we  have  seen,  is  a 
compound  fluid,  fi'om  which  all  the 
tissues  of  the  body  are  formed,  and  on 
which  all  vital  phenomena  ai-e  directly 
dependent.  Hence  it  is  evident  that 
if  the  blood  itself  be  of  abnormal 
quality,  the  tissues  which  are  formed 
from  it,  and  the  vital  stimulus  im- 
parted to  the  organs  of  the  body,  must 
be  abnormal  also.  A  morbid  condi- 
tion of  the  blood  may  be  due  either  to 
the  imperfect  quantity  or  quality  of 
the  food  presented  to  the  organs  of 
digestion  for  conversion  into  blood ; 
to  disease  of  the  organs  of  digestion 
themselves  ;  or,  lastly,  to  an  imperfect 
supply  of  the  oxygen  necessary  for  the 
perfect  assimilation  of  the  food,  and 
its  subsequent  conversion  into  the  pro- 
ducts of  the  excretory  organs.  The 
chief  cause  of  the  maladies  which  flesh 
is  heir  to  is  expressed  by  this  last 
head.  AVhen  the  blood  is  imperfectly 
oxygenated  its  vitality  is  lowered,  and 
the  new  tissues  formed  from  it  are 
impaired  in  tone.  If  the  imperfect 
oxygenation  be  of  long  continuance, 
the  assimilation  of  the  food  becomes 
at  last  so  disturbed  that  its  product 
ceases  to  be  capable  of  organisation, 
and  is  deposited  in  the  tissues  as  scro- 
fulous or  tuberculous  matter,  which  is 
regarded  by  pathologists  as  imper- 
fectly formed  fibrin.  The  place  in 
which  the  deposit  of  the  tuberculous 
matter  principally  takes  place  is  the 
pulmonary  tissue  ;  and  to  such  extent  is 
this  deposit  occasionally  carried,  that 
more  than  three-fourths  of  the  substance 
of  the  lungs  may  thus  become  impervi- 
ous to  air.  In  general,  the  presence  of 
tubercles  produces  irritation  and  in- 
flammation of  the  pulmonary  tissue, 
accompanied  by  cough,  expectoration, 
and  the  other  symptoms  of  consump- 
tion ;  but  it  frequently  happens,  espe- 
cially in  individuals  whei-e  the  nutri- 
tive process  is  deeply  dej)raved,  that 
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a  large  deposit  takes  i)lace  without 
the  attention  of  the  patient  having 
been  particularly  directed  to  the  state 
of  the  lu)igs,  and  where  a  shortness  of 
breath  and  a  loss  of  flesh  were  the 
only  apparent  symptoms.  In  such 
cases  the  disease,  after  a  period  of  de- 
ceptive incubation,  suddenly  makes  its 
appearance,  and  runs  a  rapid  course, 
receiving  on  this  account  the  name  of 

galloping  consumption."'  The  reader 
will  now  understand  that  scrofula  and 
consumption,  which  are  closely  allied 
diseases,  are  the  mere  external  out- 
breaks of  a  morbid  condition  of  the 
system,  and  that  scrofulous  and  tuber- 
culous matter  are,  in  the  first  place, 
the  effects,  and  not  tlic  causes,  of  dis- 
eased action.  It  does  not  necessarily 
follow  that  scrofulous  and  tuberculous 
matter,  when  thus  formed  in  the  blood, 
must  be  deposited  in  the  tissues  of 
some  one,  or  of  several,  of  the  organs 
of  the  body.  The  risk  of  this  dejjosit 
is  certainly  great,  but  at  the  same 
time  there  are  good  grounds  for  be- 
lieving that  these  morbid  products 
may  be  thrown  directly  out  of  tlie 
system,  througli  the  capillaries  of  the 
various  mucous  membranes,  and  also 
through  those  of  the  kidneys.* 

lJut  when,  from  any  cause,  the  ba- 
lance of  the  circulation  is  disturbed, 
the  danger  of  particular  organs  be- 
coming implicated  is  greatly  increased. 
It  is  a  law  of  pathology,  that  when- 
ever an  organ  is  inflamed,  an  increased 
flow  of  blood  takes  place  towards  it, 
generally  followed  by  an  exudation 
of  the  sei'ous  and  fibrinous  parts  of  the 
blood.  Every  one  knows  how  an  in- 
flamed finger  swells,  partly  from  an 
increased  flow  of  blood,  and  partly 
from  tlie  effusion  of  serum  and  fibrin 
into  its  tissues.  In  like  manner,  an 
inflamed  lung  receives  increased  quan- 
tities of  blood,  and  serum  and  fibrin 
are  eft'used  into  its  substance.  ]5y 
encroaching  upon  the  air-cells,  they 
render  the  lung  more  dense,  and  thus 
incapable  of  receiving  tlie  normal 
quantity  of  air.  Where  there  has 
been  pi«vious  good  health,  absorption 

*  See  IJrit.  and  For.  Med.-Chir.  Review, 
vol.  iv.,  p.  124. 


of  the  effused  substances  follows  on 
the  use  of  appropriate  remedies,  and 
the  lung  regains  its  former  condition  ; 
but  where  the  inflammation  takes 
jjlace  in  a  system  with  lowered  tone, 
the  effused  fibrin  is  imperfectly  or- 
ganised, and  is  of  difficult  absorption. 
Its  presence  keeps  up  the  irritation 
in  the  lungs,  prepares  the  way  for  the 
deposition  of  tuberculous  matter,  and 
consumption  then  ensues.  Hence  the 
great  risk  of  a  "neglected  cold"  in 
individuals  of  low  tone,  or,  as  it  is 
said,  with  "  consumptive  tendency." 
The  cause  of  tlie  "  seat  of  election  " 
of  the  tuberculous  deposit  being  in  the 
lungs,  probably  depends  on  the  great 
vascularity  of  these  organs  (the  whole 
amount  of  the  blood  of  the  body  Class- 
ing through  them  in  less  than  two 
minutes),  and  probably  also,  as  Dr 
Williams  thinks,  on  the  circumstance 
that  the  yielding  nature  of  their  tex- 
ture readily  admits  effusion.  Or  it 
may  be,  that  the  tuberculous  matter 
circulating  with  the  blood  meets  with 
a  certain  degree  of  obstruction  in  the 
capillaries  of  the  lungs,  sufficient  to 
make  these  organs  the  preferential 
seat  of  the  deposit  ;*  or  finally,  it  has 
been  suggested,  there  may  be  a  2)ar- 
ticular  attraction  between  the  pul- 
monary tissue  and  the  tuberculous 
matter,  "  expressive  of  a  tendency  in 
the  system  to  free  itself  from  the 
poison,  by  the  channel  which  those 
tissues  or  organs  afford.'"  f 

From  what  has  just  been  said,  then, 
it  will  be  abundantly  evident  that 
consumption  is  not  a  mere  local  disease, 
but  a  symptom  of  a  depraved  state  of 
the  constitution,  the  result  of  imper- 
fect assimilation  of  the  food,  or,  in 
other  words,  of  impaired  nutrition. 
Hence  the  difliculty  of  its  cure.  The 
tuberculous  matter  may  be  removed 
by  expectoration,  or  it  may  bo  enclosed 
in  a  cyst  or  bag,  and  thus  prevented 
from  irritating  the  tissue  of  the  lungs  ; 
but  unless  the  curative  treatment  be 
directed  to  modify  and  improve  the 
constitution,  and  it  succeed  in  impart- 

»  See  Brit,  .-vnd  For.  Med.-Chir.  Review, 
vol.  iv.,  p.  141. 
t  Ibid.,  p.  229. 
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iiig  increased  vitality  to  the  blood, 
fresh  quantities  of  tuYjerculous  mat- 
ter will  continue  to  be  deposited,  and 
the  strengtli  of  the  patient  will  ulti- 
mately be  exhausted,  llenco  it  becomes 
a  matter  of  the  utmost  importance  to 
modify,  if  possible,  the  constitution 
before  an  actual  deposit  of  tubercles 
takes  place  ;  for  their  presence,  as  we 
have  seen,  diminishes  the  quantity  of 
inhaled  air,  and  thus  directly  tends 
still  further  to  lower  the  tone  of  the 
system. 

Imperfectly  oxygenated  blood,  be- 
sides being  incapable  of  duly  nou- 
rishing tlie  tissues,  cannot  atford  a 
due  stimulus  to  the  nervous  system, 
and  this  is  one  of  the  causes  of  lan- 
guor and  debility  which  precede  the 
outbreak  of  consumption.  This  feel- 
ing, again,  indisposes  to  exercise,  and 
the  withdrawal  of  the  fresli  air  pre- 
disposes still  further  to  the  malady. 
It  is  at  this  period,  accordingly,  that 
a  sea-voyage  is  likely  to  prove  most 
beneficial,  when  fresli  air  can  be  in- 
haled without  exertion,  and  the  body 
be  kept  in  a  state  of  constant  gentle 
exercise,  without  any  effort  on  the 
part  of  the  jJaticnt. 

We  liave  already  seen  from  Mr 
Farr's  Appendix  to  the  Registrar- 
Generals  Second  Report,  that  in  1S38, 
27  \  per  cent.,  or  90,823  deaths,  arose 
from  diseases  of  the  res2)iratory  or- 
gans; and  tliat  of  this  number  no  less 
than  59,025  were  ascribed  to  consump- 
tion alone.  Considering  the  numerous 
active  causes  of  disease  to  which  males 
are  subjected,  and  the  comparative 
freedom  from  restraint  which  they 
enjoy  at  the  most  dangerous  period  of 
life,  viz.,  during  the  effervescence  of 
youth,  one  sliould  expect  to  meet  with 
a  large  majority  of  the  victims  among 
them  ratiier  than  among  females,  who 
are  so  much  less  exposed.  In  reality, 
liowever,  it  is  otherwise.  According 
to  jMr  Farr's  calculations  from  the  re- 
turns for  1838,  3-8  in  1000  males  died 
of  consumption,  whereas  in  females 
the  proportion  was  4-1  in  1000,  the 
actual  numbers  having  been  27,935 
to  31,090.  "This  higher  mortality 
of  English  women  by  consumption,  " 
says  ilr  Fan*,  "  may  be  ascribed 


partly  to  the  in-door  life  they  lead, 
and  partly  to  the  compression,  prevent- 
inij  the  expansion  of  the  chest,  by  cos- 
tume. In  both  ways  they  are  deprived 
of  free  draughts  of  vital  air,  and  the 
altered  blood  deposits  tuberculous  matter 
vjith  a  fatal  and  unnatural  facility. 
Thirty-one  thoitsand  and  ninety  English 
women  died  in  one  year  of  the  incur- 
able malady  !  Will  not  this  impres- 
sive fact  induce  persons  of  rank  and 
influence  to  set  their  countrywomen 
right  in  the  article  of  dress,  and  lead 
them  to  abandon  a  practice  which  dis- 
ngures  the  body,  stran<:iles  the  chest,  pro- 
duces nervous  and  other  disorders,  and 
has  an  unquestionable  tendency  to  im- 
plant an  incurable  hectic  malady  in 
the  frame  ?"  * 

In  the  First  Report  of  the  Hospital 
for  Consumption  in  London,  it  is  stated 
that  of  888  in  and  out  patients,  542 
were  males,  and  346  females.  This, 
however,  affords  no  criterion  of  the 
relative  frequency  of  the  disease 
among  the  two  sexes  ;  for  females  have, 
in  general,  a  greater  repugnance  to 
enter  or  apply  at  a  public  hospital 
than  males,  and  the  returns  of  the 
Registrar-General,  even  wlaen  allow- 
ance is  made  for  the  excess  of  female 
population,  shew  for  the  whole  of  Eng- 
land a  decidedly  greater  mortality 
from  consumption  among  females  than 
males.  In  1841  the  proportion,  ex- 
clusive of  the  metropolis,  was  24,329 
males  to  27,937  females. f  The  Pari- 
sian returns,  which,  however,  partly 
exclude  tho  hospitals,  give  for  the  ten, 
years,  1829-1838,  the  proportion  of 
8074  males  against  10,840  females. J 

When  to  a  diminished  capacity  of 
the  lungs,  caused  by  external  compres- 
sion, the  breathing  of  an  already  vi- 
tiated air  is  added,  the  quantity  of 
oxygen  inhaled  is  still  farther  reduced, 
the  blood  is  still  more  imperfectly 
aerated,  and,  as  a  necessary  conse- 
quence, the  health  still  more  rapidly 
deteriorated.  This  combination  of  evils 
is  nowhere  seen  in  greater  intensity 
than  among  the  dressmakers  of  the  me- 

Registrar-General's  Second  Annual 
Report.  8vo  cfl.,  p.  73. 

t  Fil'tli  Annual  Report,  p.  64. 
I  Annaks  d'Hjgidne,  April  1851. 
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tropolis.  Deprived  of  that  free  exer- 
cise in  the  open  air  which  is  essential 
to  the  full  expansion  of  the  chest,  they 
are  confined  in  the  vitiated  air  of  a 
crowded  vvorkrooiu  often  for  fourteen 
or  sixteen  hours  a-day,  and  at  some 
seasons  even  longer.  From  the  tight- 
ness of  their  dress,  and  the  stooping 
and  motionless  attitude  in  which  they 
sit,  the  play  of  the  lungs  is  still  far- 
ther impeded.  In  many  other  trades, 
the  same  fatal  combination  exists ;  and 
its  effects  are  aggravated  in  propor- 
tion to  the  impurity  of  the  air  re- 
spired. 

The  third  form  in  which  the  lungs 
are  most  generally  deprived  of  the  pro- 
portion of  oxygen  required  to  aerate 
the  quantity  of  blood  passing  through 
them,  is  that  of  breathing  an  impure 
or  vitiated  air.  If,  from  any  external 
cause  (such  as  the  crowding  together 
of  many  jieople,  the  burning  of  many 
lamps,  or  the  want  of  ventilation),  the 
air  be  rendered  so  impure  that  the 
twenty  inches  required  for  each  inspi- 
ration contain  only  three  instead  of 
four  cubic  inches  of  oxygen,  and  if  the 
jjlace  of  the  absent  quantity  be  sup- 
plied by  one  cubic  inch  of  carbonic 
acid,  it  is  obvious  that  the  blood  sub- 
jected to  its  action  will  be  even  more 
imperfectly  oxygenated  than  if  only 
fifteen  cubic  inches  of  jmre  air  were  ad- 
mitted to  the  lungs.  The  presence  of 
theadditional  inchof  carbonic  acid  will 
add  to  tlie  evil  arising  from  the  want 
of  the  oxygen,  by  acting  to  that  extent 
as  a  direct  poison ;  and  hence  the  bad 
health  and  ultimately  fatal  results 
which,  as  shewn  in  the  preceding  page, 
have  so  often  been  produced  by  the 
continued  breathing  of  a  vitiated  air, 
especially  when  the  vitiation  is  consi- 
derable in  degree.  And  yet  how  very 
much  is  this  important  truth  practi- 
cally held  in  contempt,  not  only  in  the 
want  of  ventilation  of  our  churches, 
hospitals,  theatres,  ball-rooms,  and 
halls  for  public  assemblies,  but  even 
in  our  private  dwellings !  Scarcely  a 
day  passes  in  which  a  well-employed 
medical  man  does  not  meet  with  some 
instance  in  which  health  has  suffered, 
or  recovery  been  retarded,  by  the 


thoughtless  or  ignorant  disregard  of 
the  necessity  of  pure  air  to  the  well- 
being  of  the  animal  economy.  This 
must  be  my  apology  for  insisting  at 
so  much  length,  on  what  may  seem  to 
many  a  trite  and  exhausted  topic. 

Begging  the  reader  to  bear  in  mind 
the  evidence  already  submitted  of  the 
deadly  influence  of  extremely  vitiated 
air,  as  experienced  in  the  Black  Hole 
of  Calcutta,  in  the  cabin  of  the  steamer 
"  Londondei-ry,"  and  in  the  kennel 
into  which  Crabbe  and  his  companions 
were  thrust— and  the  examples  of  the 
injurious  effects,  in  workrooms  and 
factories,  of  air  vitiated  only  in  a  less 
degree, — I  shall  now  confine  myself  to 
shewing  the  powerful  influence  which 
the  same  cause  often  has  in  the  pro- 
duction of  specific  forms  of  disease. 
It  may  be  well,  however,  first  to  re- 
mind the  reader  that  the  injurious  con- 
sequences produced  are  not  due  solely 
to  a  certain  amount  of  carbonic  acid  i 
replacing  oxygen,  but  that  the  opera- 
tion of  the  animal  exhalations  must 
also  be  taken  into  account.    It  is  well 
known  that  breathing  an  air  loaded 
with  the  exhalations  of  a  patient  suf- 
fering from  small-pox  or  typhus  fever 
frequently  produces  these  diseases  ; 
but  it  is  not  sufficiently  borne  in  mind  | 
that  the  air  is  rendered  poisonous  by  { 
the  concentrated  exhalations  of  a  num-  | 
ber  of  persons  in  health,  and  that  the 
breathing  of  an  atmosjjhere  thus  con- 
taminated, is  cause  sufficient  to  j^roduce  | 
fever  or  some  other  deadly  malady.  The  ! 
first  illustration  which  I  shall  give  ! 
exliibits  incontestibly  the  origin  of 
typhus  fever  in  the  continued  resjjira- 
tion  of  vitiated  air,  and  is  taken  from 
the  valuable  Lectures  on  Military  Sur- 
gery by  Sir  George  Ballingall  (page  . 
28). 

In  the  summer  of  1811,  a  low  ty- 
phus fever  broke  out  in  the  fourth 
battalion  of  the  Royals,  then  quartered 
in  Stirling  Castle.  The  season  was 
the  healthiest  of  the  whole  year,  and 
the  locality  about  the  most  salubrious 
in  the  country.  On  investigating  the 
causes  which  could  give  rise  to  so 
much  illness  under  circumstances  ap- 
parently so  favourable  to  health,  the 
mystery  was  speedily  solved.    In  one 
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room,  21  feet  by  18,  sixty  men  had 
been  placed  ;  and  in  another  of  31  feet 
by  21,  SRVENTY-TWO  men:  in  other 
words,  a  greater  number  of  human 
beings  had .  been  crowded  into  one 
place  than  the  air  whicli  it  contained 
could  by  possibility  keep  in  health. 
To  prevent  absolute  suffocation,  the 
windows  were  thrown  open  during  the 
night,  from  which  a  cold  air  streamed 
in  upon  those  nearest  to  them.  Tlie 
natural  result  of  this  crowding  Mas 
typhus  fever,  to  which  inflammation 
of  the  lungs  was  superadded  in  those 
exijoscd  to  the  cold  draughts.  The 
two  diseases  together  proved  very  fa- 
tal. Had  the  officers  who  assigned 
quarters  to  these  unfortunate  men  been 
acquainted,  in  the  slightest  degree, 
with  the  laws  of  respii'ation,  and  with 
the  fact  that  one  pair  of  lungs  requires 
the  use  of  fifty -seven  hogsheads  of  pure 
air  in  twenty-four  hours,  they  would, 
I  believe,  as  soon  have  thought  of  or- 
dering the  men  to  be  shot,  as  of  ex- 
posing so  large  a  proportion  of  them 
to  almost  certain  death  from  an 
easily  avoidable  disease.  The  simple 
fact  added  by  Sir  George,  that  "in  the 
less  crowded  apartments  of  the  same 
barracks,  no  instances  of  fever  occurred," 
is  the  severest  condemnation  which 
can  be  recorded  against  them. 

Dr  Jackson,  a  distinguished  medical 
officer  quoted  by  Sir  George  Ballin- 
gall,  gives  precisely  similar  testimony. 
AVhen  insisting  on  "  height  of  roof  as 
a  property  of  great  importance  in  a 
house  appropriated  to  the  reception  of 
the  sick  of  armies,"'  he  adds  as  the 
reason,  that  "  the  air  being  contami- 
nated by  the  breathing  of  a  crowd  of 
people  in  a  confined  space,  disca-e  is 
originated,  and  mortality  is  multiplied 
to  an  extraordinary  extent.    It  was 
often  proved  in  the  history  of  the  late 
war,  that  more  human  life  tvas  de- 
stroyed by  accumulating  sick  men  in  low 
and  ill-ventilated  apartments,  than  by 
leaving  them  exposed  in  severe  and  in- 
clement lueather  at  the  side  of  a  hedge 
or  common  dike."    The  dreadful  mor- 
tality from  typhus  fever  of  the  British 
Legion  in  Spain  a  few  yeai'S  ago  af- 
fords another  striking  confirmation  of 
the  same  principle. 


It  would  be  very  easy  to  detail  ad- 
ditional pi'oofs  of  the  influence  of  con- 
fined and  vitiated  air  in  the  produc- 
tion of  typhus  fever,  because  they 
abound  in  the  writings  of  every  author 
who  has  treated  of  the  subject,  in  the 
Parliamentary  Reports  "on  the  Health 
of  Towns,"  and  in  the  Registrar-Gene- 
ral's Reports.  But  as  the  fact  is  al- 
most universally  admitted,  I  need  only 
refer  to  the  death  from  "  putrid  fe- 
ver'' of  most  of  the  survivors  of  the 
Black  Hole  of  Calcutta;  to  the  fearful 
mortality  from  fever  in  slave  and  emi- 
grant ships,  more  from  vitiated  air 
than  from  any  other  single  cause ;  and 
to  the  following  example  both  of  the 
extent  to  which  atmospheric  impurity 
operates,  and  of  the  facility  with  which 
its  deadly  influence  may  be  obviated 
by  due  attention  to  the  simplest  laws 
of  the  animal  economy. 

In  C'hamhcrs^s  Edinburgh  Journal  for 
17th  April  1841,  in  reference  to  the 
possibility  of  removing  the  causes  of 
fever,  it  is  said:  "  The  chief  causes 
assigned  by  medical  inquirers  are 
dense  population,  bad  ventilation,  and 
destitution.  We  shall  here  adduce 
strong  reasons,  to  shew  that  however 
destitution  or  any  other  cause  may 
operate  remotely,  the  immediate  cause 
is  deficient  ventilation.  There  is,  in 
the  suburb  of  Anderston  (at  Glasgow), 
a  largo  house,  called,  from  its  mode  of 
construction,  and  the  vast  crowd  of 
human  beings  who  live  in  it,  the  Bar- 
rack. It  is  said  that  nearly  five  hun- 
dred persons,  chiefly  poor  Irish,  live 
in  this  building,  each  family  having 
one,  or  at  most  two  little  rooms.  At 
one  time,  fever  was  never  absent  from 
the  Barrack ;  Jive  have  been  seen  ill  at 
once  in  one  room,  and  in  the  last  two 
months  0/1831  the  cases  in  this  single 
house  were  ffty-seven.  During  the  five 
years  ending  with  1839,  there  were 
55,949  cases  of  fever  in  the  whole  city : 
consequently,  it  will  be  observed, 
this  house  with  (say)  480  inhabitants, 
ought  to  have  had,  as  its  fair  propor- 
tion, 112  cases,  the  population  of  the 
city  being  considered  as,  at  a  medium, 
240,000.  But  how  does  the  case  really 
stand  ?  Early  in  1832,  at  the  recom- 
mendation of  an  ingenious  surgeon  of 
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the  district  (Mr  Fleming),  a  simple 
tin-tube,  about  two  inches  in  diameter, 
had  been  led  from  the  ceiling  of  each 
room  of  the  Barrack  into  a  general 
tube,  the  extremity  of  which  was  in- 
serted into  the  chimney  of  a  furnace 
connected  with  a  neighbouring  fac- 
tory ;  by  which  means  a  perpetual 
draft  was  established  upon  the  atmo- 
spheric contents  of  every  room,  and 
its  inmates  compelled,  whether  they 
would  or  not,  to  breathe  pure  air. 
The  consequence — for  we  cannot  but 
consider  it  as  the  consequence — was, 
tliat  during  the  ensuing  eight  years 
fever  was  scarcely  known  in  that 
house.  Laying  aside  one  year,  during 
which  Mr  Fleming  had  not  the  charge 
of  the  apparatus,  there  were  up  to  last 
December  onhj  four  cases.''  This  re- 
markable exemption  from  fever  in  a 
building  where  it  was  formerly  so  pre- 
valent is  the  more  instructive,  because 
the  purification  of  the  air  is  the  only 
change  which  has  been  effected ;  and 
as  fever  was  very  prevalent  in  the 
whole  city  during  the  very  time  of  this 
exemption,  it  is  impossible  not  to 
ascribe  the  chief  part  of  the  protective 
power  to  the  purer  atmosphere  sup- 
plied to  the  inmates  of  the  Barrack. 

Since  the  publication  of  the  last  edi- 
tion of  this  work,  I  have  learned  that 
fever  has  again  appeared  in  the  Bar- 
rack, though  its  ravages,  I  believe,  by 
no  means  equal  those  which  it  com- 
I  inittcd  before  ventilation  was  intro- 
duced. In  all  probability  its  reappear- 
ance is  connected  with  derangement 
of  the  ventilating  apparatus,  but  we 
are  without  information  on  this  head. 

In  the  First  Report  of  the  Metropo- 
litan Sanitary  Commission  (p.  22),  the 
following  enquiry  is   made   of  Mr 
Bowie,  with  reference  to  the  state  of 
'  health  of  the  inhabitants  of  the  Model 
lodging-house  in  Glass-house  Yard  : 
"  What  has  been  the  result  of  ventila- 
tion,  as  practised  in   the  lodging- 
house  ?" — "  The  absence  of  unpleasant 
smells,  the  possession  of  an  agreeable 
I  temperature,  and  an  almost  total  ex- 
I  cmption  from  febrile  disease."  "  What 
I  is  the  state  of  health,  as  compared  with 
I  that  of  the  adjacent   population  ? 
I  "  While  fever  has  been  prevailing  to 


a  very  great  extent  in  Glass-house 
Street,  and  its  adjacent  courts  and 
alleys,  and  the  verdict  of  a  coroner's 
jury  has  been  given  that  disease  and 
death  have  been  the  consequence  of 
breathing  impure  air,  there  is  not  at 
present  an  individual  under  medical 
treatment  in  the  building,  nor  has 
there  been  a  single  case  of  fever  there 
for  uiJwards  of  four  months."  The 
Commissioners  give  it  as  their  opinion 
(p.  10),  that  "  in  the  present  state  of 
most  towns  and  cities,  the  number  of 
persons  whose  constitution  is  enfeebled 
by  want  of  food,  compared  with  the 
number  whose  vital  energy  is  depress- 
ed by  want  of  pure  air,  is  found  to  be 
an  exceedingly  small  minority." 

Never  before,    perhaps,   was  this 
truth  exem23lified  upon  so  large  a  scale 
as  in  the  history  of  the  late  Irish  fa- 
mine.   A  deficient  supply  or  improper 
quality  of  food,  by  weakening  the  body 
and  lowering  its  tone,  undoubtedly 
renders  it  liable  to  yield  more  readily 
to  the  action  of  deleterious  influences ; 
but  it  may  well  be  doubted  whether 
mere  starvation,  when  associated  with 
an  abundant  supply  of  fresh  air,  is 
ever  the  cause  of  typhus  fever.  In 
Chossat's  experiments  all  the  organs 
of  the  body,  with  scarcely  an  excep- 
tion, were  found  remarkably  healthy 
in  animals  that  had  died  from  starva- 
tion ;  the  principal,  if  not  only  change, 
being   a   considerable   reduction  of 
weight.     In  like  manner  the  Irish 
population   remained  comparatively 
healthy,  though  suffering  from  a  de- 
ficiency of  food,  till  they  were  crowded 
together  in  the  wards  of  the  union- 
houses.    Then  it  was  that  "  the  ansel 
of  death  spread  his  wings  on  the  blast," 
and  admission  into  a  workhouse  came 
to  be  regarded  as  equivalent  to  pro- 
scription. On  4th  April  18-46, the  popu- 
lation of  the  Irish  Union  Workhouses 
was  50,861,  and  on  3d  April  1847 
it  was  106,888  ;  while  the  correspond- 
ing mortality  for  the  two  weeks  end- 
ing 4th  April  1846,  and  3d  April  1847, 
was  159  and  2706.    Thus,  with  a  po- 
pulation not  much  more  than  doubled, 
the  weekly  mortality  had  risen  from 
three  in  every  1000  inmates,  to  25 
I  per  1000  ;  that  is  to  say,  the  weekly 
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mortality  became  equivalent  to  the 
amiual  mortality  of  a  moderately 
healthy  population.  No  wonder,  then, 
that  the  poor  famine-stricken  creatures 
should  have  striven  to  avoid  their  fate, 
"  that  hoping  against  hope,  struggling 
against  the  pressure  of  hunger  for 
months,  knowing  food  might  be  ob- 
tained at  the  workhouse,  but  looking 
at  its  terms  as  their  last  compi'oiuise 
with  death,  they  held  on  their  cabins 
and  their  little  holdings  till  forced 
forth  by  eviction ;  or  their  last  re- 
sources having  failed,  and  threatening 
fever,  existing  diarrhoea,  having  told 
them  it  must  now  be  the  union-house, 
or  tlic  union-coffin — then,  and  not  till 
then,  they  closed  with  the  terms  of  the 
law."* 

It  is  indeed  lamentable  to  think  how 
many  valuable  lives  are  yearly  sacri- 
ficed in  every  rank  of  society,  but  espe- 
cially among  the  industrious  classes, 
to  the  neglect  of  the  well  known  laws 
of  ventilation  ;  for  no  fact  in  pathology 
is  more  firmly  established  than  that 
disease  and  death  invariably  follow  on 
overcrowding.  Thus,  the  late  Mr 
Pearson  uniformly  observed  that  fever 
prevailed  in  the  hospitals  in  London 
to  which  he  was  attached,  when  more 
than  a  certain  number  of  patients  were 
placed  in  any  of  the  wards;  while, 
when  the  number  of  beds  in  each  ward 
was  limited,  there  was  a  complete 
absence  of  fever  from  the  place. t 

In  his  voyage  to  America  in  April 
1847,1  the  author  of  this  work  was 
forcibly  struck  with  the  evils  to  which 
the  poorer  class  of  emigrants  is  exposed 
on  shipboard  from  deficient  accommo- 
dation, overcrowding,  and  under-feed- 
ing. He  felt  called  upon  to  do  what 
he  could  to  direct  public  attention  to 
the  subject,  and  accordingly  addressed 
to  the  editor  of  the  Times  a  letter 
which  appeared  in  that  paper  on  the 
17th  Sept.  18-17,  urging  upon  Govern- 
ment the  necessity  of  bringing  into 
Parliament  a  bill  for  the  protection  of 
emigrants. § 

«  Letter  of  an  eye-witness  in  the  Times, 
June  21,  1849. 

+  Graves'  Clinical  Lectures,  vol.  i.,  p.  94. 
J  See  p.  H. 

§  The  Letter  referred  to  was  reprinted  in 


That  it  was  high  time  to  move  in 
the  matter  will  be  abundantly  evident 
from  the  following  extract  from  the 
Report  of  the  Montreal  Board  of  Healtli 
of  12th  August  1847  :  "  The  Larch 
reported  ,this  morning  from  Sligo, 
sailed  with  440  passengers,  of  whom 
108  died  on  the  passage,  and  150  were 
sick.  The  Virginius  sailed  with  496  ; 
158  died  on  the  passage,  186  were 
sick,  and  the  remainder  landed  feeble 
and  tottering — the  captain,  mates,  and 
crew  were  all  sick."  From  the  official 
returns  of  the  burials  at  Montreal, 
for  the  nine  weeks  ending  August  7th, 
it  appears  that  there  died  during  that 
period  924  residents  and  806  emi- 
grants in  the  city,  beside  1510  emi- 
grants in  the  sheds  erected  for  their 
reception ;  making  a  total  of  3240 
deaths  in  Montreal  and  its  extempore 
Lazaretto,  against  only  488  deaths 
during  the  corresponding  weeks  of  the 
preceding  year.  As  a  comment  on 
this  fearful  state  of  matters,  we  may 
state  that  Germans  were  arriving  at 
the  same  time  from  the  ports  of  Ham- 
burgh and  Bremen  "  all  healthy,  ro- 
bust, and  cheerful." 

But,  indeed,  experience  shews  that 
passengers  may  be  carried  from  Britisli 
ports  even  to  the  distant  settlements 
of  Australia,  with  no  increase  on  the 
natural  rate  of  mortality,  provided 
due  attention  be  paid  to  the  laws  of 
health.  In  the  early  years  of  convict- 
transportation  it  was  the  practice  of 
Government  to  pay  for  all  who  em- 
barked, and  under  this  system  the 
average  mortality  of  the  convicts  dur- 
ing the  voyage  was  nearly  one  in  ten, 
rising  in  particular  ships,  and  under 
particularly  adverse  circumstances, 
occasionally  to  one  in  three.  In  later 
years,  however,  the  practice  of  l)aying 
only  for  those  landed  alive  was  adopt- 
ed, and  the  mortality  immediately 
fell  to  one  in  46  !* 

By  such  facts  as  these  the  attention 
of  the  Legislature  has  at  last  been 
roused,  and  an  "  Act  for  regulating 

the  Journal  of  Public  Health,  No.  V., 
March,  1848. 

*  Report  on  Quarantine  by  the  Gener.il 
Board  of  Health,  p.  116. 
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the  cai-riage  of  passengers  in  mer- 
chant vessels,"  was  passed  in  the  ses- 
sion of  1849,  containing  provisions 
which  it  is  hoped  will  prevent  a  repe- 
tition of  such  fearful  mortality  as  is 
above  exemplified ;  and  in  1850  the  j^ro- 
tection  of  the  Legislature  was  extended 
to  the  crews  of  the  mercantile  navy,  a 
measure  which  the  following  details 
will  shew  was  most  urgently  needed. 
The  researches  of  the  Board  of  Health 
have  proved  that  the  proportion  of 
deaths  from  zymotic  diseases  (fever, 
&c.)  among  the  merchant  sailors,  espe- 
cially when  at  sea,  very  much  exceeds 
that  among  the  industrious  classes  on 
shore,  "  indicating  the  presence  and 
the  steady  operation  of  local  causes 
of  preventible  disease,  the  extent 
and  intensity  of  which  have  hitherto 
been   unknown   and  unsuspected. 

!  What  these  causes  are  will  be  seen 
from  the  following  report  by  Mr 
Bowie,  which  is  fully  corroborated 
by  the  evidence  of  Mr  Grainger,  Dr 
Duncan,  and  Dr  Sutherland.  "  After 
a  long  acquaintance,"  he  says,  "  with 
the  shijjpihg  of  the  port  of  London, 
and  a  special  examination  of  a  great 
number  of  vessels  of  all  classes  in  the 
Thames  which  I  have  recently  made 
in  order  to  ascertain  their  condition 
as  to  cleanliness  and  ventilation,  and 
particularly  with  a  view  to  note  the 
accommodation  provided  for  the  sailors, 
and  the  probable  effect  of  the  atmo- 
sphere upon  their  health,  I  find  that 
the  instances  are  extremely  rare  in 

,  which  thei'B  is  any  special  provision 
whatever  for  ventilating  either  the 
berths  of  the  men  or  the  hold  for  the 
cargo.  These  berths  arc  for  the  most 
part  dirty,  close,  and  unwholesome  ; 
in  numerous  instances  they  are  so  to 
an  extreme  degree ;  and  I  am  of 
opinion  that  the  houses  and  rooms  in 
the  close  courts  of  Whitechapel,  which 
I  habitually  visit,  do  not  as  a  rule  ex- 
ceed in  the  unhealthiness  of  their  con- 
dition the  forecastle  of  ships,  in  which 
the  filth  is  often  as  great,  the  air  as  close, 
stifling,  and  offensive,  and  altogether 
as  likely  to  generate  fever,  and  to  cause 
it  to  spread  if  it  does  break  out."t 

*  Med.  Gazette,  vol.  xlv.,  p.  95. 
t  Report  on  Quarantine,  p.  99. 


The  remedy  for  these  evils  is  so 
simple  and  effectual,  that  the  neglect 
of  shipowners  to  adopt  it  becomes  most 
culpable  and  even  criminal.  It  con- 
sists simply  in  "  inserting  in  the  fore- 
part of  the  vessel  iron-tubes  commu- 
nicating with  the  bctwceu-decks  oc- 
cupied by  the  passengers  (and  crew) ; 
two  tubes  forward  to  receive  fresh 
air,  and  two  after  to  discharge  the 
foul  air,  so  that  a  current  of  air  is 
constantly  passing  between  decks."* 
So  effectually  has  this  system  of  ven- 
tilation answered  its  purpose,  that  ves- 
sels of  the  largest  class,  carrying  400 
or  500  passengers  each,  have  escaped 
ship-fever  ;  while  its  importance  has 
been  demonstrated  by  the  fact,  "  that 
the  ejffluvium  from  the  discharging  tubes 
is  so  bad  that  it  is  very  unpleasartt  to 
stand  near  «/tcm.''t  By  a  law  of  the 
American  Congress  it  is  required  that 
all  emigrant  ships  shall  be  provided 
with  ventilators,  and  the  British  Legis- 
lature by  the  act  of  1849  rendered  their 
adoption  compulsory  on  vessels  carry- 
ing at  least  100  passengers.  More  re- 
cently, in  the  session  of  1850,  an  act 
"  for  improving  the  condition  of  mas- 
ters, mates,  and  seamen,  and  main- 
taining discipline  in  the  merchant- 
service,"'  received  the  royal  assent ; 
by  which  it  is  enacted  that  the  part 
of  the  ship  occupied  by  seamen  and 
apprentices  shall  have  a  space  of  not 
less  than  nine  superficial  feet  for  every 
adult,  and  be  well  ventilated.  "  To 
all  natural  evil,"  says  Dr  Rush,  "  the 
Author  of  nature  lias  kindly  prepared 
an  antidote.  Pestilential  fevers  fur- 
nish no  exception  to  this  remark.  The 
means  of  preventing  them  are  as  much 
under  the  power  of  human  reason  and 
industry  as  the  means  of  preventing 
the  evils  of  lightning  and  common 
fire.  I  am  so  satisfied  of  the  truth 
of  this  opinion,  that  I  look  for  the 
time  when  our  courts  of  law  shall 
punish  cities  and  villages  for  permit- 
ting any  of  the  sources  of  malignant 
fevers  to  exist  within  their  jurisdic- 
tion." 

Let  us  hope  that  the  measures  en- 

•  Report  on  Quarantine,  p.  lOG. 
t  Ibid.,  p.  107. 
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forced  by  the  Acts  above  referred  to, 
will  in  future  prevent  shipowners 
from  incurring  the  moral  culpability, 
under  which  so  many  of  their  number 
have  hitherto  laboured,  for  neglect  of 
the  health  and  lives  of  their  servants; 
and  that  it  may  not  be  found  necessary 
to  call  in  the  aid  of  the  principle  of 
legal  responsibility  which  now  attaches 
to  neglect,  as  an  additional  motive  to 
dischai'ge  their  duties.  "  The  law," 
say  the  Commissioners  for  the  Conso- 
lidation of  the  Criminal  Law,  "  takes 
no  cognizance  of  homicide,  unless  death 
result  from  bodily  injury,  occasioned  by 
some  act  or  '  unlawful  omission.' 
The  terms  '  unlawful  omission,'  com- 
prehend every  case  where  any  one 
being  under  legal  obligation  to  apply 
food,  clothing,  or  other  aid  or  support, 
or  to  do  any  other  act,  or  make  any 
other  provisions  for  the  sustentation  of 
life,  or  prevention  of  injury  to  life,  is 
guilty  of  any  breach  of  such  ditty." 

"  It  is  doubtless,"  says  jMr  Grainger, 
"  a  painful  thing  to  make  out,  with 
the  demonstrative  evidence  of  statisti- 
cal returns,  all  the  elementary  parts 
which  go  to  form  the  common  track 
of  sickness,  sutfering,  and  death  ;  and 
yet,  as  the  great  desideratum  in  sani- 
tary as  in  all  other  investigations  is 
the  attainment  of  certainty,  it  is  a 
point  of  infinite  promise  for  the  fu- 
ture, to  demonstrate  that,  whatever 
may  be  the  aspect  of  the  epidemic 
whicli  is  traced  to  its  home,  typhus, 
scarlatina,  small-pox,  or  cholera,  we 
find  but  one  class  of  causes,  or  to  ty- 
pify the  whole  in  a  single  word,  but 
one  cause,  and  that  filth,  standing  in 
the  relation  of  the  prolific  parent  of 
this  diversified  oflFspring,  as  it  pre- 
sents itself  in  the  courts  and  alleys  of 
London.  It  is  not  a  question  of  food, 
for  people  worse  fed  than  thousands 
who  have  become  the  victims  of  these 
diseases,  provided  they  breathe  day 
and  night  the  fresh  and  bracing  atmo- 
sphere of  the  country,  escape  ;  whilst 
instances  are  not  wanting  of  persons 
amply  provided  with  every  physical 
comfort,  lacking  only  pure  air,  falling 
under  epidemic  attacks. 

"  A  remarkable  example  of  the  lat- 
ter kind  was  afforded  by  an  institu- 


tion in  which  young  women  were  re- 
ceived for  the  purpose  of  reformation, 
and  where  so  destructive  an  attack  of 
cholera  occurred,  that  out  of  96  in- 
mates 40  were  seized  with  cholera,  of 
whom  no  fewer  than  15,  or  15  per 
cent.,  died.  On  inquiry  into  the  causes 
of  this  violent  attack,  it  appeared  that 
there  was  nothing  in  the  state  of  the 
neighbourhood,  although  this  was  in 
many  points  most  defective,  which 
could  alone  account  for  it.  Nor  could 
the  general  mode  of  living  be  assumed 
as  the  cause,  since  the  diet  was  ample, 
good  meat  being  provided  six  days  out 
of  the  seven  :  in  short,  after  a  care- 
ful investigation,  the  only  reasonable 
cause  that  could  be  assigned  was  an 
impure  atmosphere  caused  by  the  want 
of  ventilation  in  the  dormitories,  in 
several  of  which  the  windows  had  been 
partly  closed  up,  and  "which  were, 
moreover,  over-crowded."* 

The  general  result  of  disease  fol- 
lowing on  over-crowding  of  the  popu- 
lation is  shewn  on  a  large  scale  by  the 
statistical  returns  of  the  Registrar- 
General  ;  but  we  can  afford  room  for 
only  one  "  Table,  shewing  the  mean 
mortality  in  three  groups  of  the  Me- 
tropolitan Districts,"  extracted  from 
the  valuable  Appendix  by  Mr  Farr, 
and  designed  to  shew  that,  cceteris  pa- 
ribus, the  mortality  increases  with  the 
density  of  the  population  and  the  im- 
purity of  the  air. 


DISTRICTS. 


1  to  lU  (mean) 
11  to  20  .. 
21  to  30  .. 


3-428 
2-7S6 
2-289 


•994  -349 


•G79 
■MO 


•51S 
•440 
•374 


•485 

•405 
'375 


O 

•631 

■716 
•584 


From  this  table,  it  appears  that  "349 
deaths  from  typhus  occur  in  the  most 
crowded  districts  of  the  metropolis, 
and  only  '131  in  the  more  favourably 
situated  ;  the  proportion  being  nearly 
as  five  to  two. 

*  Appendix  B.  to  the  Report  of  the 
Board  of  Health  on  the  Cholera  of  18  IS- 
49,  p.  3". 
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The  influence  of  vitiated  air  in  the 
production  of  consumption  lias  been 
noticed  and  commented  upon  by  many 
observers ;  but  the  evidence  of  Dr  Lom- 
bard of  Geneva  is  the  most  conclusive, 
because  founded  on  an  accurate  in- 
quiry into  individual  cases,  in  the 
course  of  which  he  extended  his  re- 
searches into  "  a  total  of  4300  deaths 
from  phthisis,  and  54,572  individuals 
exercising  220  different  occupations, 
and  found,  by  a  comparison  of  all  the 
Ijrofessions  carried  on  in  the  open  air 
and  in  work-shops,  that  the  propor- 
tion of  deaths  from  phthisis  was  double 
among  the  latter,  and  this  proportion 
increased  as  the  apartments  were  close, 
narrow,  and  imperfectly  ventilated.'  * 
I  need  not  add  one  word  in  support  of 
this  most  convincing  testimony,  but 
only  refer  to  another  form  of  disease 
closely  allied  to  consumption,  and  it- 
self the  cause  of  an  immense  mortality, 
viz.  scrofula. 

The  three  grand  sources  of  scrofu- 
lous disease  in  those  not  strongly  pre- 
disposed to  it,  are  now  universally  ad- 
mitted to  be  the  habitual  Ireathiny  of 
a  vitiated  atmoxphere,  an  impoverished 
diet,  and  impaired  nutrition.  Of  the 
active  influence  of  the  first,  the  rapid 
production  of  scrofula  in  animals  pre- 
viously healthy,  by  confining  them  for 
a  time  to  the  inspiration  of  an  impure 
air,  affords  demonstrative  proof.  But, 
unfortunately,  the  fact  may  be  witness- 
ed at  any  time  in  the  more  confined 
dwellings  of  the  poor  in  most  of  our 
large  towns,  and  also  in  ill-situated 
and  ill-ventilated  workhouses  or  asy- 
lums for  the  young.  Among  the  chil- 
dren in  the  Dublin  House  of  Industry, 
for  instance,  scrofula  prevailed  very 
extensively  about  forty  years  ago,  and 
its  ravages  were  not  arrested  till  the 
late  Mr  Carmichael,  a  distinguished 
surgeon  of  that  city,  called  attention 
to  its  chief  cause  in  the  extreme  im- 
purity of  the  air  in  the  wards.  In  one 
ward  of  moderate  height,  60  feet  by 
18,  Mr  Carmichael  found  thirty-eight 
beds,  each  containing  three  children,  or 
more  than  one  hundred  in  all !  The 
matron  told  him,  that  "  there  is  no  en- 

*  Penny  Cyclop.  Phthisis. 


during  the  air  of  this  apartment  when 
the  doors  are  first  thrown  open  in  the 
morning  ;  and  that  it  is  in  vain  to 
raise  any  of  the  windows,  as  those  chil- 
dren who  happen  to  be  inconvenienced 
by  the  cold,  close  them  as  soon  as  they 
have  an  opportunity.  The  air  they 
breathe  in  the  day  is  little  better : 
many  are  confined  to  the  apartments 
they  sleep  in,  or  crowded  to  the  num- 
ber of  several  hundreds  in  the  school- 
i-oom. Can  any  one  read  this  ac- 
count, and  wonder  at  the  prevalence  of 
scrofula  under  such  circumstances  ! 

We  have  already  seen  how  clearly 
it  is  possible  to  trace  the  ravages  of  that 
fearful  epidemic,  which  twice  within 
the  last  twenty  years  has  swept  over 
the  British  Islands  like  the  destroying 
angel,  to  the  effects  of  over-crowding 
and  deficient  ventilation—  causes  which 
it  is  evident  act  by  lowering  the  tone 
of  the  system,  and  rendering  the  body 
less  able  to  withstand  the  choleraic 
influence,  whatever  that  may  be.  Si- 
milar depressing  causes,  such  as  defi- 
cient food,  and  an  impure  external  at- 
mo.sphere  arisingfrom  imperfect  drain- 
age, naturally  tend  to  produce  the  .same 
result,  and  the  ravages  of  the  disease 
have  accordingly  been  found  greatest 
where  a  combination  of  unfavourable 
circumstances  existed.  Such  seems  to 
have  occurred  in  the  Tooting  Infant 
Asylum,  where  300  children  out  of 
1100  were  attacked  with  cholera;  al- 
though we  find  Mr  Grainger,  in  his 
evidence  on  tlie  trial  of  Mr  Drouet, 
assigning  the  outbreak  almost  entirely 
to  the  want  of  ventilation.  "  If  there 
had  been  more  ventilation,  I  do  not 
think  there  were  too  many  beds  in  the 
room,  but  the  want  of  ventilation  made 
the  over-crowding  dangerous  to  the 
health  of  the  boys.  In  my  opinion, 
the  cause  of  the  mischief  was  the  over- 
crowding of  tlie  children,  and  that  this 
had  occasioned  the  disease."  f 

Prom  a  consideration  of  the  forego- 
ing details,  then,  we  are  forced  to  the 
conclusion  that  epidemics  are  not  mevo 
caprices  of  nature,  but  are  dependeni 

»  Carmichacl's  Es'j.ny  on  the  Nature  o: 
Scrofula.    Dublin,  1810. 

t  Med.  Gazette,  vol.  xlv.,  p.  G99. 
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on  causes  which  it  is  in  our  power  to 
remove.    What  that  subtle  inlluence 
is  which  at  one  time  determines  the 
accumulated  causes  of  disease  to  break 
out  as  cholera,  at  another  as  typhus 
fever,  and  at  anotlier  as  malignant 
scarlatina,  we  cannot  tell,  nor  is  our 
ignorance  on  this  point  of  any  prac- 
tical importance ;   enough  has  been 
learned  when  we  know  that  it  is  only 
by  neglect  of  the  general  laws  of  health 
that  the  epidemic  is  enabled  to  ac- 
quire "  a  local  habitation  and  a  name." 
It  comes  as  a  messenger  to  warn  us  of 
our  misdeeds  ;  and  the  admirable  Re- 
ports by  the  Board  of  Health  which  we 
have  so  frequently  quoted,  shew  more- 
over that  the  warning  is  given  at  first 
gently  though  earnestly,  and  that  it  is 
only  when  we  refuse  to  hearken  to  it 
that  we  are  left  to  reap  the  natural 
fruits  of  our  neglect.    During  the  late 
cholera  epidemic,  the  Sheffield  Board 
of  Guardians  set  earnestly  to  work  ta 
free  their  town  from  nuisances  in  anti- 
cipation of  an  outbreak.    "  They  look 
the  documents  publislied  by  the  Geue- 
ral  Board  of  Health  as  their  guide, 
and  proceeded  with  the  determination 
of  doing  all  that  could  be  done,  and  at 
whatever  cost,  to  save  the  town  from 
the  danger  which  impended  over  it. 
Unlike   other  Boards  of  Guardians, 
they  had  used  the  most  available  means 
for  preparation,  and  they  had  nothing 
to  seek  when  the  emergency  arrived.  ' 
The  result  is  thus  stated  : — "  From  the 
period  when  the  first  outbreak  of  cho- 
lera took  place  in  the  town  to  tlie  final 
disappearance  of  the  epidemic,  there 
were  brought  under  treatment  '^319 
cases  of  diarrhoea,  and  76  cases  of  cho- 
lera.     *  No  person' 
(says  Dr  Sutherland),  '  who  looks  at 
the  nature  of  these  causes,  can  doubt, 
that  they  would   have  exhibited  a 
much  greater  proportion  of  cholera 
attacks,  had  the  preparatory  symp- 
toms not  been  taken.    Tiie  popula- 
tion was  enabled  to  resist  the  epi- 
demic influence,  and  the  small  num- 
ber of  cholera  cases,  when  compar- 
ed with  the  large  number  of  those 
of  diarrhfi'a,  is  a  sufficient  proof  that 
the  object  of  the  sanitary  measures 


was  to  a  great  e.xtent  fulfilled.' 
There  can  be  no  doubt,  that  had  every 
body  hr.ving  authority  in  the  matter, 
set  itself  as  zealously  and  honourably 
as  the  Sheffield  Guardians  to  prej)arc 
for  the  coming  storm,  it  would  have 
passed  over  the  country  comparatively 
harmless.  Dr  Sutherland  remarks, 
that  "  one  of  the  special  objects  of 
epitlomics  seems  that  of  arousing  man- 
kind, by  signs  which  cannot  be  mis- 
taken, to  a  sense  of  the  necessity  of  re  - 
cognizing and  obeying  the  laws  of  his 
physical  existence. "t 

The  fourth  causfe  by  which  the  neces- 
sary supply  of  oxygen  to  the  lungs  is 
frequently  impeded,  and  disease  con- 
sequently produced,  arises  out  of  the 
sedentary  habits  of  modern  society, 
and  the  dej)reEsion  or  monotony  of 
mental  condition  which  is  apt  to  result 
from  them.  Jf  ever  a  Divine  law  was 
legibly  imprinted  on  any  part  of  ani- 
mated nature,  it  is  that  which  declares 
ACTIVITY  to  be  the  indispensable  con- 
dition of  human  health  and  happiness. 
Every  organ,  from  the  highest  to  the 
lowest,  in  the  structure  of  man,  is 
framed  with  a  view  to  daily  and  habi- 
tual exercise,  and  this  law  holds  equal- 
ly with  the  lungs  as  with  the  muscles 
or  brain.  When  an  animal  dies  from 
starvation,  it  is  found  that  the  organs 
of  digestion  lose  much  more  of  tlieir 
weight,  before  death  ensues,  than  do 
the  lungs  or  kidneys  ;  and  Chossat  ex- 
jilains  this  difference  by  the  fact  of  the 
former  organs  being  left  unexercised, 
while  the  functions  of  the  lungs  and 
kidneys  are  carried  on  till  the  close  of 
life.J  This  is  in  exact  harmony  with 
the  law,  already  pointed  out,  of  exer- 
cise stimulating  nutrition ;  and  accord- 
ingly, when  we  obey  this  condition  of 
existence,  and  actively  employ  the  body 
for  some  hours  every  day  in  the  open 
air,  the  circulation  is  invigorated  and 
equalized,  the  respiration  is  rendered 
free  and  deep,  and  a  feeling  of  vivacity 
and  enjoyment  arises,  which  is  the  sure 

*  Report  on  Cholera  of  1848-4;),  by  Ge- 
neral Hoard  of  He;ilth,  p.  107. 
t  Ibid.,  Appendix  A.,  p.  5. 
J  Chossit,  p.  no. 
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accompaniment  of  health  and  energy. 
These  results  are  rendered  very  obvi- 
ous in  the  process  of  trainhig,  during 
which  the  ivind,  as  it  is  called,  is  known 
to  become  remarkably  improved.  Of 
this  I  once  saw  a  curious  instance  in  a 
strong-built  little  Irishman,  who,  for 
a  mere  trifle,  ran  alongside  of  one  of 
the  Glasgow  coaches  for  32  miles  in  a 
vei-y  wet  day  and  on  a  muddy  road. 
The  average  speed  was  nine  miles  an 
hour,  and  yet  the  poor  fellow  did  not 
seem  at  all  distressed,  and  stopped  only 
because  he  had  arrived  at  his  destina- 
tion. In  him  this  amazing  strength 
and  activity  were  obviously  connected 
witli  the  very  complete  oxygenation  of 
the  blood  in  a  pair  of  capacious  and 
well-exercised  lungs. 

The  well-known  salubrious  influence 
of  a  gay  and  exhilarating  mental  sti- 
mulus and  of  cheerful  and  gratified 
moral  emotions,  and  the  sickening  and 
destructive  influence  of  despondency, 
grief,  and  other  depressing  passions, 
depend  partly  on  the  operation  of  the 
same  principle.  The  exciting  emotions 
stimulate  the  circulation,  quicken  res- 
piration, and  increase  the  vital  powers, 
so  that  it  becomes  difficult  to  remain 
passive  or  quiescent.  The  depressing 
emotions,  on  the  other  hand,  diminish- 
the  force  of  the  circulation,  render  the 
breathing  slow  and  feeble,  and  there- 
by withdraw  the  natural  stimulus  of 
life  to  an  extent  which  leads  directly 
to  meditation  or  brooding  inaction,  and 
produces  a  positive  aversion  to  bodily 
activity.  Great  depression  of  mind 
thus  leads  naturally  to  imperfect  res- 
piration, a  more  sluggish  flow  of  blood, 
and  the  various  diseases  of  diminished 
vitality ;  while  great  excitement  in- 
duces full  respiration,  quickened  cir- 
culation, and  the  various  diseases  of 
exalted  vitality.  It  is,  then,  by  dimi- 
nishing inspiration,  and  thus  depriving 
.  the  lungs  of  the  necessary  oxygen,  that 
the  depressing  passions  and  sedentary 
mode  of  life  act  so  injuriously  in  pre- 
disposing to  pulmonary  consumption, 
— a  fact  which  has  been  remarked  from 
a  very  early  period,  and  which  ought 
never  to  be  lost  sight  of  by  parents, 
teachers,  or  the  young  themselves.  In 
modern  society,  thousands  of  both  sexes 


unconsciously  suffer  in  this  way,  with- 
out a  suspicion  being  entertained  that 
their  mode  of  life  is  injurious.  In  fe- 
male seminaries,  especially,  this  error 
prevails  to  a  lamentable  extent,  and  is 
jiggravated  by  tlie  restraints  so  gene- 
rally imposed  upon  tlie  natural  out- 
pourings of  the  juvenile  voice  in  sports 
and  play. 

Lastly,  the  Ji/th  way  in  which  the 
oxygenatingfunctions  of  the  lungs  may 
be  impeded  is,  by  the  mixture  of  me- 
chanical impurities  with  the  respired 
air.    In  flax-mills  and  other  factories 
the  vitiation  of  the  atmosjihere  from 
this  cause  is  carried  to  an  extreme,  i 
and  is  owing  to  the  dust  and  small 
shreds  of  vegetable  fibre  which  rise  j 
from  the  flax  and  cotton  in  the  pro-  | 
cess  of  manufacture.    The  amount  of  j 
impurities  which  may  thus  vitiate  the  ' 
air  will  be  evident  to  any  one  who 
looks  at  a  sunbeam  in  a  room  when  a 
carpet  is  being  swept.    Chiefly  from 
this   mechanical    cause    of  disease, 
scarcely  any  of  the  work-people  in 
some  factories  are  free  from  disease  ; 
and  in  the  heckling  department  of  the 
flax-mills,  according  to  Thackrah,  a 
large  proportion  of  the  men  die  young. 
The  same  author  mentions  that,  when 
conducting  his  experiments  to  ascer- 
tain the  state  of  the  lungs  in  the  work- 
people employed  in  the  flax-mills  of 
Leeds,  "  the  coughs  of  the  persons  ! 
waitingto  beexamined  were  so  trouble- 
some as  continually  to  interrupt  and 
confuse  the  exploration  by  the  stetho- 
scope.'"* These,  it  ought  to  be  observed, 
w^ore  not  patients  selected  for  examin- 
ation as  such,  but  the  ordinary  workers 
from  the  mill. 

From  the  explanation  given  above 
(p.  184)  the  reader  will  perceive  that 
mechanical  irritation  of  the  pulmonary 
mucous  membrane  is  exceedingly  apt 
to  produce  consumption  in  individuals 
of  feeble  or  depraved  constitution. 
This  is  the  cause  of  the  frequent  oc- 
currence of  the  disease  amongthe  work- 
men in  factories;  among  the  needle- 
pointers  and  knife-grinders  of  Shef- 

»  On  the  Effects  of  Employments  on 
Health,  p.  43. 
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field,  who  inhale  the  small  particles  of 
sand  and  steel  which  fly  from  their 
I  wheels ;  among  the  stone-dressers  of 
Edinburgh,  who  breathe  an  atmo- 
sphere loaded  with  sandy  particles ; 
among  bakers,  millers,  persons  era- 
ployed  in  feather-warehouses,  and  in 
general  among  individuals  whose  em- 
ployment necessitates  the  breathing  of 
an  atmosphere  holding  dust  in  suspen- 
sion. But  experience  has  shewn  that 
the  fatality  attending  these  occupations 
may  be  much  diminished  by  securing, 
as  far  as  possible,  due  ventilation,  and 
the  supply  of  a  pure  air.  Thus,  Sir 
James  Clark,  when  treating  of  vitiated 
air  as  a  cause  of  consumption  among  the 
steel-grinders  of  Sheffield,  states  that 
those  who  reside  in  the  country,  in  the 
enjoyment  of  a  more  free  circulation 
of  air,  live,  on  an  average,  eight  years 
longer  than  those  resident  in  the  town. 
In  both,  the  irritating  causes  and  the 
habits  of  life  are  the  same,but  the  rooms 
in  which  the  country  workmen  carry 
on  their  labours  are  much  bettor  ven- 
tilated ;  and  they  consequently  live  on 
an  average  about  forty  years,  while 
among  their  town  companions  the  aver- 
age of  life  extends  only  to  between 
twenty-eight  and  thirty-two  years. 

In  Edinburgh,  also,  it  has  been  ob- 
served that  the  stonecutters  who  work 
in  the  open  air  are  much  less  liable  to 
pulmonary  affections  than  those  who 
work  in  sheds.  The  steel-grinders  of 
Sheffield  have  been  recommended  to 
wear  a  mask  of  magnetic  wire,  to  ar- 
rest the  passage  of  the  particles  of 
steel,  and  bakers  to  fasten  a  piece  of 
moistened  sponge  or  damp  crape  over 
the  mouth  during  the  operations  in 
which  they  arc  likely  to  inhale  flour. 
Both  precautions  have  been  used  with 
benefit,  but  in  the  case  of  the  Sheffield 
grinders  the  magnetic  mask  alone  does 
not  meet  the  evil,  as  the  sand  from  the 
wheel  is  the  principal  cause  of  the  ir- 
ritation. Similar  contrivances  might 
be  advantageously  used  in  other  oc- 
cupations ;  but  hitherto  the  igno- 
rance and  obstinacy  of  the  workmen, 
who  cannot  bo  persuaded  to  prefer 
a  little  present  trouble  to  the  cer- 
tainty of  future  disease   and  early 
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death,  have  prevented  their  general 
adoption.* 

From  breathing  a  highly  vitiated 
air  in  a  constrained  position,  the  peo- 
ple employed  in  some  coal-mines 
whore  the  seams  are  thin  and  the 
ventilation  bad,  are  subject  to  a 
singular  and  fatal  affection  of  the 
lungs,  named  black  spit.  In  East  Lo- 
thian it  is  very  prevalent,  and  attacks 
the  strongest  as  well  as  the  feeblest  of 
those  exposed  to  its  causes.  It  is  ac- 
companied by  wasting,  and  the  copious 
ex2)ectoration  of  an  intensely  black 
matter  in  large  quantity,  which  may 
continue  for  months  or  years,  but  is 
never  cured.  In  such  situations,  few 
of  the  men  arrive  at  the  age  of  forty 
years;  and  if  they  do,  they  have  al- 
ready the  appearance  of  old  age. 

Dr  MakcUar  traces  this  affection  to 
the  inhalation  of  an  atmosphere  loaded 
with  unconsumed  carbon,  arising  from 
the  imperfect  combustion  of  the  lamp- 
oil  used  by  the  miners,  and  from  the 
smoke  of  the  gunpowder  used  in  blast- 
ing the  trap-dykes,  which  so  frequently 
intersect  the  East  Lothian  coal-field. 
From  these  causes  the  atmosphere  of 
the  mine  is  frequently  so  thick  that  the 
workmen  only  recognise  the  presence 
of  their  fellows  from  the  noise  of  their 
operations;  while  the  deficiency  of  oxy- 
gen is  occasionally  so  great  that  the 
lamps  burn  with  difficulty.  As  an  ex- 
treme instance  of  the  deleterious  con- 
sequences of  breathing  such  an  atmo- 
sphere, Dr  Makellar  mentions  that  a 
few  years  ago  a  great  number  of  vigor- 
ous and  healthy  young  men  were  em- 
ployed in  carrying  a  level  through  an 
extensive  coal-field  at  Tranent,  during 
which  operation  a  considerable  quan- 
tity of  gunpowder  was  consumed. 
Every  one  of  them  was  attacked  with 
"  black  spit,"  and  all  died  before  at- 
taining the  age  of  thirty-five.    It  is 

*  Carl  Bcrgmann  thinks  that  the  exten- 
sive and  vvindinpr  surface  of  moist  mucous 
membrane  in  the  nostrils  of  especially 
grazing  animals,  in  conjunction  with  the 
narrow  fissures  left  for  the  passage  of  air, 
forms  a  natural  provision  to  prevent  the 
inhalation  of  dust.  See  Miiller's  Archiv, 
1850,  p.  309. 
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worthy  of  notice,  that  this  disease 
rarely  attaclis  the  men  who  are  em- 
ployed in  conveying  the  coals  to  the 
foot  of  the  shaft,  and  who  thus  have  an 
opportunity  of  occasionally  inhaling  a 
comparatively  pure  air.* 

The  irritation  produced  in  delicate 
lungs  by  the  inhalation  of  an  atmo- 
sphere loaded  with  the  smoke  of  a  large 
town,  is  evidently  but  a  minor  degree 
of  that  irritation  which  in  the  coal- 
miners  of  East  Lothian  passes  into  in- 
curable disease  ;  and  we  thus  see  that 
the  endeavours  now  making  in  large 
manufacturing  towns  to  ensure  the 
consumption  of  the  smoke  of  the  fac- 
tories, have  a  direct  bearing  upon  the 
health  of  the  population.  To  the  in- 
habitants of  such  towns  as  Manchester, 
Leeds,  and  Glasgow,  the  success  of 
these  attemjjts  is  of  very  great  import- 
ance. 

The  reader  is  now  in  a  position  to 
appreciate  the  unspeakable  advantage 
of  a  supply  of  pure  air  to  the  lungs. 
But  we  must  say  a  few  words  to  guard 
against  the  possible  misconstruction  of 
what  has  been  said  in  the  last  few 
pages.  In  pointing  out  how  typhus, 
scrofula,  consumption,  or  cholera,  fol- 
lows in  the  wake  of  deficient  ventila- 
tion, we  do  not  mean  to  assert  that  by 
living  in  an  unventilated  apartment  a 
person  can  produce  typhus,  cholera,  or 
consumption  at  will.  What  we  main- 
tain is,  that  breathing  an  impure  atmo- 
sphere lowers  the  tone  of  the  system,  and 
renders  it  liable  to  disease.  This  is  an  in- 
variable consequence  ;  but  the  nature 
of  the  particular  malady  which  ensues 
depends  upon  unknown  causes,  which 
have  received  the  name  of  "  the  epi- 
demic constitution."  When  an  over- 
crowded and  ill-ventilated  emigrant- 
ship  sets  sail,  the  emigrants  n^ay  all 
be  in  the  enjoyment  of  perfect  health. 
But  before  a  week  passes,  the  springs 
of  life  are  sapped  by  the  impure  at- 
mosphere of  the  crowded  hold,  and  the 
emigrant  is  marked  as  a  prey  for  dis- 
ease. But  it  depends  on  the  "  epi- 
demic constitution"  what  the  disease 

*  Investigation  into  the  nature  of  Black 
Phthisis,  by  Dr  A.  Makellar.    Edin.  1846. 


shall  be :  it  may  be  typhus — it  may  be 
cholera — it  may  be  dysentery.  The 
final  result  to  the  emigrant,  however, 
is  the  same ;  for  little  does  it  matter 
when  he  is  consigned  to  the  deep,  what 
shape  the  fell  destroyer  assumed.  In 
boarding-schools  or  in  infant-asylums, 
the  result  of  the  neglect  of  ventilation 
may  appear  as  scrofula  or  ophthalmia 
— as  malignant  scarlet  fever — or,  as  at 
Tooting  and  Taunton,  as  cholera ;  in 
the  nursery  it  may  shew  itself  in  con- 
vulsions ;  in  the  ball-room  in  head- 
aches, fainting  fits,  and  hysteria.  By 
day  and  by  night  the  function  of  re- 
spiration is  constantly  going  on,  and 
a  small  amount  of  impurity — too  small 
to  be  detected  by  our  most  delicate  in- 
struments— may  thus  by  continued  ac- 
tion so  alter  the  composition  of  the 
blood  as  to  produce  disease  and  early 
death.  A  supply  of  pure  air,  there- 
fore, is  more  important  than  a  supply 
of  wholesome  food  ;  the  withdrawal  of 
the  former  for  a  few  minutes  stops  at 
once  and  for  ever  those  changes  of 
matter  on  which  continuance  of  life 
depends. 

Many  writers  have  been  at  pains  to 
point  out  the  actual  occurrence  of  the 
evils  which  sound  physiology  would 
lead  us  to  expect,  from  the  continued 
breathing  of  impure  air,  or  from  the 
imperfect  breathing  of  pure  air.  But 
the  way  in  ivhich  the  injury  is  done  has 
not  been  suflSciently  explained  or  in- 
sisted upon;  and  hence  the  public  at 
large  remain  unimpressed  with  the 
reality  of  the  mischief  such  as  I  have 
endeavoured  to  set  it  before  them. 
The  bad  effects,  indeed,  are  often  so 
gradual  in  their  appearance,  and  ap- 
parently so  unconnected  with  their 
true  cause,  that  the  prime  source  of 
the  evil  is  apt  to  be  overlooked,  even 
when,  to  an  informed  mind,  it  is  as 
obvious  as  the  sun  at  noonday.  But 
the  influence  of  impure  air  or  imper- 
fect respiration  is  not  the  legs  positive 
or  ultimately  less  subversive  of  health, 
from  being  slow  and  insidious  in  its 
progress.    An  individual  possessing  a 
strong  constitution  may  indeed  with- 
stand the  bad  consequences  of  occa- 
sionally breathing  an  impure  atmo- 
sphere, but  even  he  will  suflFer  for  a 
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time.  He  will  not  experience  the 
same  amount  of  mischief  from  it  as 
the  invalid  ;  but  he  will  be  perfectly 
conscious  of  a  temporary  feeling  of 
discomfort,  the  very  purpose  of  which 
is,  like  pain  from  a  burn,  to  impel  him 
to  shun  the  danger,  and  seek  relief  in 
a  purer  air.  The  comparative  harm- 
lessness  of  a  single  exposure  is  the 
circumstance  which  blinds  us  to  the 
magnitude  of  the  ultimate  result,  and 
makes  us  fancy  ourselves  safe  and 
prudent,  when  every  day  is  surely, 
though  imperceptibly,  adding  to  the 
sum  of  the  mischief.  But  let  any  one 
who  doubts  the  importance  of  this  con- 
dition of  health  watch  the  dyspeptic, 
pulmonary,  or  nervous  invalid,  through 
a  season  devoted  to  attendance  on 
crowded  parties  and  public  amuse- 
ments, and  he  will  find  tffe  frequency 
of  headaches,  colds,  and  other  fits  of 
illness,  increase  in  exact  proportion  to 
the  accumulated  exposure,  till,  at  the 
end  of  spring,  a  general  debility  has 
been  induced,  which  imperatively  de- 
mands a  cessation  from  festivity,  and 
a  change  of  scene  and  air.  This  de- 
bility is  often  erroneously  ascribed 
wholly  to  the  unwholesome  influence  of 
spring, — a  season  extolled  by  the  poets, 
not  as  a  cause  of  relaxation  and  feeble- 
ness, but  as  the  dispenser  of  renovated 
vigour  to  every  class  of  living  being|. 

It  is  in  vain  to  warn  such  persons 
beforehand  that  Nature  is  always  con- 
sistent, and  that  if  bad  air  be  really 
unfit  for  healthy  respiration,  it  must 
be  detrimental  to  them,  and  to  all  who 
breathe  it ;  and  that  its  ill  effects  are 
not  less  real  because  at  first  gradual 
and  unperceived  in  their  approach. 
They  know  too  little  of  the  animal 
economy  and  of  Nature's  laws,  and  are 
too  much  devoted  to  their  own  objects, 
to  be  impressed  by  cautions  of  this 
kind  ;  and,  in  looking  forward  to  the 
ball-room  or  crowded  saloon,  few  of 
them  will  believe  that  any  possible  con- 
nection can  exist  between  breathing  its 
vitiatedatmo.sphere,andthe  headaches, 
indigestion,  and  cutaneous  erujjtions 
which  so  frequently  follow,  and  to  be 
delivered  from  which  they  would  sa- 
crifice almost  every  other  enjoyment. 

If  it  be  said  that  nobody  will  be 


troubled  with  all  this  trifling  care, 
and  that  thousands  who  expose  them- 
selves in  every  way,  nevertheless  en- 
joy good  health  and  a  long  life,  I  can 
only  answer  that  this  is  partially  true  ; 
but  that  an  infinitely  greater  propor- 
tion pass  through  life  as  habitual  in- 
valids, and  scarcely  know  from  expe- 
rience what  a  day  of  good  health  really 
is.  The  Reports  of  the  Board  of  Health 
and  the  Registrar-General  have  de- 
monstrated, by  an  unassailable  mass 
of  evidence,  that  many  circumstances, 
rarely  considered  as  injurious,  because 
they  have  no  immediate  effect  in  sud- 
denly destroying  life  by  acute  diseases, 
have  nevertheless  a  marked  influence 
in  slowly  undermining  health  and 
shortening  human  existence.  There 
are  trades,  for  example, at  which  work- 
men may  labour  for  fifteen  or  twenty 
years,  without  having  been  a  month 
confined  by  disease  during  all  that 
time,  and  which  are  therefore  said  to 
be  healthy  trades ;  and  yet,  when  the 
investigation  is  pursued  a  little  fur- 
ther, it  is  found  that  the  general 
health  is  so  steadily,  although  imper- 
ceptibly, encroached  upon, that  scarce- 
ly a  single  workman  survives  his  for- 
tieth or  fiftieth  year. 

It  is  this  insidious  influence  of  im- 
pure air  to  wliich  I  am  anxious  to  di- 
rect attention.  So  long  as  delicacy  is 
the  rule,  and  robust  health  the  excep- 
tion, especially  among  females,  and  so 
long  as  about  one-fourth  of  the  annual 
deaths  among  the  adult  population  of 
Great  Britain  is  caused  by  consump- 
tion alone,  it  will  be  difficult  to  per- 
suade any  rational  and  instructed  mind 
that  every  cause  of  disease  is  already 
removed,  and  that  farther  care  is  su- 
2)erfluous.  My  own  conviction  on  the 
contrary  is,  that,  by  jiroper  care,  and 
a  stricter  observance  of  the  laws  of 
the  animal  economy  on  the  jjart  of  the 
parents  and  guardians  of  the  young, 
the  development  of  the  disease  might 
be  prevented  in  a  large  proportion  of 
the  number,  and  that  even  the  robust 
might  be  enabled  to  enjoy  health  in  a 
higher  degree  and  with  increased  secu- 
rity. 

The  reader  having  now  become  ac- 
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quainted  with  the  nature  and  laws  of 
the  function  of  respiration,  it  will  not 
be  difficult  for  him  to  understand  the 
principal  conditions  on  which  the 
health  of  the  lungs,  or  organs  of  respi- 
ration, more  immediately  depends,  and 
the  means  by  which,  when  feeble  or 
predisposed  to  disease,  they  may  be 
best  protected  and  invigorated.  Con- 
sidering the  yearly  mortality  from 
consumption,  this  part  of  our  subject 
cannot  fail  to  excite  a  deep  interest  in 
the  mind  of  every  rational  parent. 

If,  as  we  have  shewn,  the  habitual 
breathing  of  a  j)ure  air  be  essential  to 
the  proper  constitution  of  arterial 
blood,  and  to  the  general  well-being 
of  the  system,  there  can  be  no  doubt 
that  the  same  condition  will  exercise 
a  still  more  direct  influence  on  the 
health  of  the  lungs  themselves.  This 
is  accordingly  the  case  ;  and,  following 
the  order  of  our  previous  exposition, 
it  may  be  stated,  that  the  first  great 
requisite  for  the  health  of  the  lungs 
is  the  habitual  respiration  of  a  pure 
air,  at  a  moderate  degree  of  tempera- 
ture, and  of  a  moderate  degree  of  humi- 
dity or  dryness. 

There  are  only  two  ways  by  which 
an  unlimited  command  of  pure  air  can 
be  obtained  for  respiration.  The  first 
is  by  living  in  the  open  air  ;  and  the 
other  is  by  making  arrangements  for 
the  frequent  and  regular  renewal  of 
air  within  our  houses,  workshops, 
churches,  schools,  and  other  places  of 
public  resort.  The  former  is  clearly 
impracticable  in  this  climate ;  for  how- 
ever much  we  may  benefit  by  a  few 
hours  spent  every  day  in  active  exer- 
cise in  the  open  air,  no  one  will  ven- 
ture to  affirm  that  we  could  safely 
spend  the  whole  four-and-twenty  un- 
der similar  exposure.  The  only  other 
way  requiring  consideration,  is  tlic 
regular  renewal  of  the  air  in  our  houses 
and  places  of  general  resort. 

Keeping  in  mind  that  every  pair  of 
lungs  consumes  on  an  average  about 
120  gallons  of  air  per  hour,  in  the 
oxygenation  of  about  57}  gallons  of 
blood,  and  also  the  numerous  other 
sources  of  the  impurity  of  the  air, 
such  as  fires,  lights,  and  the  cutaneous 
and  pulmonary  exhalations,  there  can 


be  no  difficulty  in  understanding  how 
indispensable  a  regular  sup^jly  of  pure 
air  must  be  to  the  health  and  comfort 
of  every  one  who  remains  even  for  an 
hour  within  the  four  walls  of  a  room, 
and  especially  if  it  be  crowded  with  hu- 
man beings.  If  we  suppose,  for  example, 
that  a  thousand  persons  remain  toge- 
ther in  a  church  for  an  hour  and  a  half, 
and  that  no  provision  has  been  made  to 
renew  its  contained  air,  wliat  will  be 
the  results  ?  A  thousand  pairs  of  lungs 
will,  in  that  space  of  time,  require  for 
healtiiy  respiration  120,000  gallons  of 
air  to  oxygenate  about  57,500  gallons 
of  venous  blood.  But  if  no  provision 
be  made  for  the  supply  and  equal 
diffusion  of  jjure  air,  and  for  with- 
drawing the  air  which  has  been  viti- 
ated, healthy  respiration  will  become 
physically  ^possible.  The  vitiated 
air  does  not  contain,  and  consequently 
cannot  afford,  the  21  per  cent,  of  oxy- 
gen which  the  blood  demands,  and 
which  pure  air  always  contains.  But 
in  place  of  the  absent  oxygen,  the 
corrupted  air  contains  a  surplus  of 
carbonic  acid,  which,  instead  of  being 
serviceable,  directly  increases  the  dele- 
terious effects.  According  to  the  ob- 
servations of  Valentin,  10001b.  weight 
of  adult  human  beings  give  off  hourly 
by  the  lungs  about  'ISlb.  of  carbon,* 
which  represent  l'451b.  of  flesh  :  t 
tllat  is  to  say — among  a  crowd,  for 
every  10001b.  weight  of  body  pre- 
sent, there  is  an  hourly  waste  of 
the  tissues,  of  nearly  lilb. ;  or,  for 
every  1000  people  present,  the  bodies 
of  1}  may  be  supposed  to  have  been 
resolved  into  their  constituent  ele- 
ments, and  dispersed  through  the  at- 
mosphere. Of  course  this  calcula- 
tion, which  rests  on  the  supposition 
that  all  the  carbon  given  oflT  by  the 
lungs  is  derived  from  decomposition 
of  the  tissues,  can  give  but  a  very  rude 
idea  of  the  amount  of  the  chemical 
transformations ;  for  it  must  be  re- 

*  Flesh  contains  75  per  cent,  of  water, 
and  of  the  remaining  25  per  cent.,  only 
about  half  is  composed  of  carbon.  Thus, 
lib.  of  tiesh  contains  about  •1251b.  carbon, 
lu  the  text,  flesh  is  taken  as  the  ri  prescuta- 
tive  of  the  tissues. 

t  Lehrbuch,  vol.  i.,  p.  585. 


VITIATION  OF  AIR  BY  BREATHING. 


i  !)9 


luenibefod  that  no  incorisiderublu  por- 
tion of  the  primary  elements  of  the 
tissues  remains  in  the  body,  to  f>)rni 
the  urine  and  the  alvine  evacuations. 
It  varies  very  mucli,  moreover,  ac- 
cording to  the  age  of  the  individuals 
and  the  temperature  of  the  air. 

jMthough,as  hasbeeti  already  shewn, 
carbonic  acid  is  not  the  sole  deleteri- 
ous principle  contained  in  air  vitiated 
by  respiration,  it  is  useful  as  a  stan- 
dard by  which  to  measure  the  degree 
of  vitiation  which  the  air  has  under- 
gone. We  have  seen  that  the  ex- 
pired air  contains  on  an  average  4 
per  cent,  of  carbonic  acid  ;  conse- 
quently, if  on  analysis  the  air  of  any 
room  bo  found  to  contain  this  propor- 
tion of  carbonic  acid,  it  will  prove 
that  all  the  air  present  has  passed 
through  the  lungs.  If  the  proportion 
of  carbonic  acid  be  one-half  per  cent., 
then  an  eighth  of  the  wliole  mass  of  air 
must  have  passed  through  the  lungs  ; 
and,  accordingly,  as  soon  as  the  amount 
of  carbonic  acid  reaches  one-half  per 
cent.,  every  inspiration  we  make  con- 
tains an  eighth  less  than  the  normal 
amount  of  oxygen,  and  an  eighth  part 
of  the  inhaled  air  has  already  passed 
through  our  own  or  our  neighbours' 
lungs.  This  amount  of  vitiation  is  of 
common  occurrence,  and  we  thus  fre- 
quently see  the  most  fastidious  indivi- 
duals, who  would  scruple  to  eat  what 
had  been  touched  by  their  neighbour  s 
hand,  inhale,  witliout  objection,  the 
breath  which  has  just  issued  from  their 
neighbour's  nostrils  I^- 

Several  experiments  have  been  made 
bv  Leblanc  f  with  a  view  of  deter- 

*  Shakspcnre  makes  Cleopatra  look  for- 
ward with  disgust  to  the  circumstances 
tliat  would  atteud  her  gracing  of  Cccsar's 
triumph  :  — 

c         =»         o        "  Mechanic  slaves, 
AVith  greasy  aprons,  rules,  and  hammers, 
shall 

Uplift  us  to  the  view  ;   in  their  thick 
breaths. 

Rank  of  gross  diet,  shall  we  be  endouJed, 
And  forced  to  drink  tlitir  vapour. 

Iras.    Tlie  gods  forbid  !  " 

Antony  and  Cleopatra.  Act  v.,  .Seine  2. 
t  Annales  de  Chhnie  et  de  Physiiiue, 

3me  Scrie,  vol.  xv. 


mining  iluj  d;>gree  of  vitiation  which 
the  air  undergoes  by  the  respiration 
ofaci'owded  assembly.    In  one,  180 
boys,  from  so  ven  to  ten  years  of  age,  were 
confined  for  four  hours  in  a  school-room 
containiiig  721  cubic  metres  of  air.* 
Communication  with  the  external  at- 
mosphere was  cut  otl";  but  it  is  almost 
impossible  to  do  this  so  eftectually  as 
to  prevent  all  interchange  between 
the  external  and  internal  air.f  Dur- 
ing the  experiment  the  master  com- 
plained of  the  hot,  heavy,  and  unplea- 
sant atmosphere,  and  waited  impa- 
tiently for  liberation.  Analysis  shewed 
that  the  carbonic  acid  amounted  to 
•87  per  cent.,  or  about  20  times  the 
normal  quantity  contained  in  the  air. 
It  was  only  4S  times  less  than  that 
found  in  the  air  issuing  directly  from 
the  lungs,  and  thus  shewed  that  at  the 
close  of  the  experiment  every  inspira- 
tion contained  between  a  fourth  and  a 
fifth  part  of  air  that  had  been  already 
breathed.    In  another  experiment  the 
atmosphei'e  of  the  chemical  amphi- 
theatre of  the  Sorbonne   at  Paris, 
containing  1000  cubic  metres  of  air, 
was  found,  after  the  expiry  of  a  lec- 
ture of  an  hour  and  a  half's  duration, 
which  had  been  attended  by  900  stu- 
dents, to  contain  1'03  per  cent,  of  car- 
bonic acid,  although  two  doors  stood 
open  during  the  whole  time.   The  air, 
however,  had  been  previously  conta- 
minated to  the  amount  of  '05  per  cent, 
of  carbonic  acid  during  a  preceding 
lecture,  so  that  the  students  had  all 
along  been  breathing  a  corrupted  at- 
mosphere.   The  extent  ol'  contamina- 
tion at  the  close  of  the  experiment 
indicated  that  a  quarter  of  the  air 
of  each  inhalation  had  already  been 
respired.     We  have  seen  that  car- 
bonic acid  produces  a  directly  depre.=s- 
ing  effect  upon  the  system,  lowering 
the  nervous   energy,   and  diminisli- 
ing  the    quantity  of  carbonic  acid 
thrown  off  by  the  lungs.     Hence  a 
contaminated  atmosphere  must  always 
act  with  twofold  power ;  the  system 

•  The  cubic  metre  contains  220  g.allons, 
or  35  cubic  tVct. 

t  See  Ann.  de  Chim.  et  de  Phys.,  Uuiu 
Serie,  vol.  xxvii.,  p.  882,  note  No.  2. 
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suffering  directly  from  tlio  accumula- 
tion of  tlift  poison  in  the  atmosphere, 
and  indirectly  from  tlie  lowered  tone 
of  the  nervous  system,  consequent  on 
the  impeded  excretion  of  tlie  carbonic 
acid.  Hence,  acrain,  the  increased 
suscejJtibility  to  disease. 

So  wholly,  however,  have  considera- 
tions of  this  descrii)tion  been  without 
influence  on  the  public  mind,  and  so 
complete  and  all-pervading  has  been 
the  ignorance  of  physiology  even 
among  the  best-educated  classes,  that 
in  Edinburgh,  and  almost  every  large 
town,  we  have  instances  of  large  public 
rooms,  capable  of  holding  from  800  to 
1000  persons,  built  within  these  few 
years,  without  any  means  of  adequate 
ventilation  being  provided,  and  ap- 
parently without  the  subject  having 
ever  cost  the  architect  a  thought  ! 
When  these  rooms  are  crowded  and 
the  meeting  lasts  for  some  hours,  the 
consequences  are  sufficiently  marked. 
Either  such  a  multitude  must  be  sub- 
jected to  all  the  evils  of  a  contaminated 
and  unwholesome  atmosphere,  or  they 
must  bo  partially  relieved  by  opening 
the  windows,  and  allowing  a  continued 
stream  of  cold  air  to  pour  down  upon 
the  heated  bodies  of  those  who  are 
near  them,  till  the  persons  so  exposed 
are  thoroughly  chilled,  and  perhaps, 
as  in  the  case  of  the  soldiers  in  Stir- 
ling Castle,  fatal  illness  is  induced. 
And  unfortunately,  even  at  such  a 
price,  the  relief  is  only  partial ;  for 
the  windows  being  all  on  one  side  of 
the  room,  and  not  extending  much 
above  half-way  to  the  ceiling,  complete 
ventilation  is  impracticable.  This  ne- 
glect is  glaringly  the  result  of  ignor- 
ance, and  could  never  have  hajjpenod 
had  either  the  architects  or  their  em- 
ployers known  the  laws  of  the  human 
constitution  ;  and  yet  it  is  still  doubted 
whether  it  be  prudent  or  right  to 
teach  the  intelligent  portion  of  the 
community  any  knowledge  of  the 
structure  and  iises  of  their  own  or- 
ganism !  * 


*  I  rcjoicu  to  say,  that  since  the  publi- 
cation of  tlie  earlier  t-ilitions  of  this  work, 
tlie  want  of  ventilation  in  the  A'scinbly 
and  ^Yat^■rloo  Rooms  has  been  iiarli  illy  ob- 


Striking,  indeed,  as  these  and  in- 
numerable other  facts  of  a  similar 
nature  are,  we  still  remain  so  blind  to 
tlie  instructions  of  experience,  until 
we  acquire  a  knowledge  of  the  prin- 
ciples which  give  it  value,  that  we  go 
on,  especially  in  towns,  constructing 
our  houses  in  utter  defiance  of  scien- 
tific rules.  The  sitting-rooms,  which 
can  be  easily  ventilated  at  any  time, 
— which  are  in  fact  ventilated  by  the 
constant  opening  and  shutting  of  the 
door,  and  by  the  draught  of  the  chim- 
ne}', — and  in  which,  therefore,  large 
dimensions  are  less  nece.ssary  for  salu- 
brity, are  always  the  most  spacious 
and  airy.  The  bed-rooms,  on  the  other 
hand,  in  which,  from  the  doors  being 
shut,  and  from  there  being  no  current 
of  air  in  the  whole  seven  or  eight 
hours  during  which  they  are  occupied, 
the  vitiation  of  the  air  is  the  greatest, 
and  in  which,  consequently,  size  is 
most  required,  are  uniformly  the 
smallest  and  most  confined  ;  and,  as  if 
this  source  of  impurity  were  not  suffi- 
cient, we  still  further  reduce  the  al- 
ready too  limited  space  by  surround- 
ing the  bed  with  curtains,  for  the  ox- 
press  purpose  of  preventing  ventila- 
tion, and  keeping  ourselves  enveloped 
in  the  same  heated  atmosphere.  Can 
any  thing  be  imagined  more  directly 
at  variance  than  this  with  the  funda- 
mental laws  of  respiration  ?  Or  could 
such  practices  ever  have  been  resorted 
to,  bad  the  nature  of  the  hunjau  con- 
stitution been  regariled  before  they 
were  adopted  ?  In  this  respect  wc 
are  more  humane  towards  the  lower 
animals  than  to  ourselves  ;  for,  not- 
withstanding all  the  refinements  of 
civilization,  we  liave  not  yet  aggra- 
vated the  want  of  ventilation  in  the 


viiited.  Their  original  construction  scarcely 
admits  of  a  complete  remedy.  In  most  in- 
stances of  attempted  ventilation  of  public 
rooms,  ample  means  are  afforded  for  the 
escape  of  vitiated  air,  but  in  consequence  of 
the  inadequacy  of  the  arrangements  for  the 
aduiissiou  of  fresh  air  to  supply  its  phioe, 
the  outward  current  through  the  openinjis 
in  the  ceiling  is  far  slower  than  it  ought  to 
be.  Let  it  always  be  kept  in  mind  that 
successful  ventilation  implies  an  easy  en- 
trance as  well  as  egress  of  the  air. 
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stable  or  the  cow-house,  by  adding 
curtains  to  the  individual  stalls  of 
their  inmates. 

In  dwelling-houses  lighted  by  gas, 
the  frequent  renewal  of  the  air  acquires 
increased  importance.  A  single  gas- 
burner  will  consume  more  oxygen,  and 
produce  more  carbonic  acid  to  deterio- 
rate the  atmosphere  of  a  room,  than 
six  or  eight  candles.  If,  therefore, 
where  several  burners  are  used,  no 
provision  be  made  for  the  escape  of 
the  corrupted  air,  and  for  the  intro- 
duction of  pure  air  from  witliout,  the 
health  will  necessarily  suffer.  A  ven- 
tilator placed  over  the  burners  like  an 
inverted  funnel,  and  opening  into  the 
chimney,  is  an  eiBcient  and  easy  re- 
medy for  the  former  evil ;  and  a  small 
tube  forming  a  communication  between 
the  external  air  and  the  room,  would 
supply  fresh  air,  where  necessary.  The 
tube  might  be  made  to  pass,  like  a  dis- 
tiller's worm,  through  a  vessel  con- 
taining hot  water ;  by  which  means 
tlie  air  might  be  heated  in  very  cold 
weather,  before  being  thrown  into  the 
room,  and  thus  the  danger  arising  from 
cold  draughts  and  inequalities  of  tem- 
perature be  avoided. 

Mr  Faraday  has  recently  invented  a 
lamp  which  burns  in  a  glass  globe  in 
such  a  manner  that  the  product  of  the 
combustion  is  at  once  carried  ofF,  and 
not  allowed  to  mix  with  the  air  of  the 
room  at  all.  Such  lamps  might  fitly 
be  introduced  in  staircases,  and  rooms 
where  fixed  lights  are  sufficient,  and 
would  thus  tend  materially  to  secure  the 
purity  of  the  atmosphere  of  the  house. 
In  Edinburgh,  and  most  of  the  towns 
of  Scotland,  gas  has  been  introduced 
into  the  houses,  and  is  now  the  light 
in  general  use ;  but,  in  the  absence  of 
all  means  to  ensure  ventilation,  be- 
yond what  is  afforded  by  the  chimney, 
there  is  reason  to  fear  that  its  intro- 
duction has  proved  injurious  to  the 
health  of  the  community.  Upon  deli- 
cate individuals  it  certainly  exercises 
a  deleterious  intluence,  producing 
headaches  and  indigestion ;  but  it  is 
doubtful  whether  these  consequences 
arise,  simply  from  the  vitiation  of  the 
air  caused  by  the  combustion  of  the 
gas  being  large  in  comparison  with 


that  produced  by  candles  or  lamps, 
or  to  some  extent  also  ft-om  minute 
quantities  of  sulphuretted  hydi-ogen 
remaining  as  impurities  in  the  gas. 
The  custom  which  obtains  in  jewellers' 
and  silversmiths'  shops,  of  burning  oil 
in  preference  to  gas,  owing  to  the  tar- 
nishinsr  of  the  silver  which  the  latter 
more  readily  produces,  and  the  fact 
that  it  is  impossible  to  preserve  the 
more  delicate  plants  alive  in  rooms 
where  gas  is  burned,  give  consider- 
able support  to  the  hitter  view.  At 
all  events,  invalids  should  guard 
against  burning  large  quantities  of 
gas  when  there  is  no  pi'ovision  made 
for  ventilation.  "We  believe  that  this 
is  the  unsuspected  source  of  much  bad 
health,  and  have  seen  great  benefit  de- 
rived from  substituting  other  lights 
for  £r:i:<.  We  have  also  reason  to  think 
that  much  of  the  beneficial  effects  re- 
sulting from  a  change  to  the  country 
is  frequently  due  to  the  absence  of 
gas-illumination  ;  and,  in  an  instance 
known  to  us,  of  a  lady  who  on  one  1 1 
occasion  was  disi',ppointed  of  the  be-  i 
nefit  she  had  previously  always  de-  j 
rived  froiji  country  air,  no  cause 
of  the  unusual  result  could  be  dis- 
covered, except  that  in  this  instance 
the  house  she  had  taken  was  lighted 
with  gas. 

Many  of  our  churches  and  school- 
rooms are  extremely  ill  ventilated ;  and 
accordingly  it  is  observed  that  fainting 
and  hysterics  occur  in  churches  much 
more  frequently  in  the  afternoon  than  i 
in  the  forenoon,  because  the  air  is  then 
at  its  maximum  of  vitiation.  Indeed, 
it  is  impossible  to  look  around  us  in  a 
crowded  church,  towards  the  close  of 
the  service,  without  perceiving  the 
effects  of  impure  air  in  the  expression 
of  every  one  present.  Either  a  relaxed 
sallow  paleness  of  the  surface,  or  the 
hectic  flush  of  fever,  is  observable : 
and,  as  the  necessary  accompani- 
ment, a  sensation  of  mental  and  bo- 
dily lassitude  is  felt,  which  is  imme- 
diately relieved  by  getting  into  the 
open  air. 

The  feeling  of  oppression  is  always 
considerably  greater  in  the  galleries 
than  in  the  body  of  a  church,  be- 
cause the  heated  impure  air  ascends  in 
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consequence  of  its  greater  specific 
linflitness.  Hence,  the  upuer  strata 
of  air  in  a  tlicatrc  were  found  by 
M.  Loppen  to  contain  nearly  twice 
as  much  carbonic  acid  as  the  lower,'" 
and  the  difterence  in  temperature  be- 
tween the  upper  and  lower  straUi  of 
air  in  a  room  21  feet  high,  receiv- 
ing fresh  air  from  below,  was  found 
by  M.  Duvoir  to  amount  to  GO'"  F.f 
This  last,  however,  is  an  extreme  in- 
stance ;  for,  in  general,  unless  in 
crowded  rooiss  Avith  numerous  lights, 
the  difference  ranges  from  5°  to 
10°. 

It  has  long  boon    observed  that 
typhus  fever  abounds  in  the  upper 
stories  of  the  high  liou.scs  of  the  Old 
Town  of  Edinburgh,  and  some  diffi- 
culty was  experienced  in  accounting 
for  its  frequent  occurrence  in  situa- 
tions which,  from  thoir  very  altitude, 
might  be  supposed  to  enjoy  a  comjja- 
ratively  pure  atmosphere.   Dv  Suther- 
land   has   solved    the    question  by 
shewing  that  the  impure  air  of  the 
lower  stories -filters  gradually  through 
the  floors,  and  passes  to  the  upper 
stories,  the  atmosphere  of  which  be- 
comes more  and  more  fetid»the  greater 
the  number  of  inhabited  floors  below. 
"  The   middle  floors   are    the  most 
healthy,  as  being   equally  removed 
from  the  effects  of  the  upward  drain- 
age of  the  foul  and  unwholesome  in- 
ternal atmosphere,  and  the  offensive 
exhalation  from  the  uncleansed  and 
undrained  streets  below.    From  their 
greater  proximity  to  the  latter  cause 
of  disease,  the  ground  flats  rank  next 
in  unhealthiness ;  while  the  top  flats, 
from  becoming,  as  it  were,  cesspools 
for  the  aerial  drainage  of  all  the  stories 
below,  were  found  to  be  far  the  most 
liable  to  attacks  of  epidemic  cholera. 
The  result  is  vcrj'  striking,  and  points 
to  the  existence  of  causes  of  epidemic 
disease  in  the  Scottish  cities  which 
have  hitherto  attracted  too  little  at- 
tention.    They  are  the  same  in  cha- 
racter, but  far  more  aggravated  in 
degree,  than  those  which  have  been 
observed  to  exist  in  the  upper  flats  of 

*  Annuaire  dc  Chiinie,  1846,  p.  787. 
t  Li':vy's  Hygiene,  vol.  ii.,  p.  571). 


unventilated  cottages  and  workshops 
by  Mr  Chad  wick  and  other  observers.'"* 
I  have  seen  churches  frequented  by 
upwards  of  a   thousand   people,  in 
which,  during  winter,  not  only  are  no 
means  of  ventilation  employed  during  | 
service,  but  even  during  the  interval 
between  the  forenoon  and  afternoon  |, 
services,  the  windows  are  kept  as  care-  | 
fully  closed  as  if  deadly  contagion  lay 
outside,  watching  for  an  opportunity 
to  enter  by  the  first  open  chink — and 
where,  consequently,  tlie  congi-egation 
must  inhale,  for  two  hours  in  the  after- 
noon, an  exceedingly  corrupted  air, 
and  suffer  the  penalty  in  headaches, 
colds,  and  bilious  and  nervous  attacks. 
On  this  account  the  afternoon  service 
in  ill-ventilated  churches  should  be 
especially  avoided  by  delicate  indivi- 
duals.    In  one  instance  which  came 
under  our  observation,  the  vitiated  air 
invariably  produced  headaches  and  in- 
digestion, frequently  followed  by  se- 
vere sickness  and  vomiting. 

Most  schoolhouses  also  are  extreme- 
ly defective  in  this  respect.    It  is  now 
many  years  since,  on  the  occasion  of 
a  visit  to  one  of  the  classes  of  a  great 
public  seminary,  my  attention  was  i! 
first  strongly  attracted  to  the  injury  I 
resulting  to  the  mental  and  bodily  , 
functions  from  the  inhalation  of  im- 
pure air.    About  150  boys  were  as-  ; 
sembled  in  one  large  room,  where  , 
they  had  been  already  confined  nearly 
an  hour  and  a  half  when  I  entered.  , 
The  windows  were  partly  open  ;  but,  , 
notwithstanding  this,  tlie  change  from 
the  fresh  atmosphere  outside  to  the 
close  contaminated  air  within,  was 
exceedingly  obvious,  and  most  cer-  | 
tainly  was  not  without  its  effect  on  the  | 
mental  faculties,  accompanied  as  it  was  i 
by  a  sensation  of  fulness  in  the  fore-  ] 
head,  and  slight  headache.    The  boys,  j 
with  every  motive  to  activity  tliat  an  i 
excellent  system  and  an  enthusiastic 
teacher  could  bestow,  presented  an 
aspect  of  weariness  and  listlessness 
which  the  mental  stimulus  they  w^erc 
under  could  not  overcome,  and  which 

*  Appendix  (A)  to  the  Report  of  the 
General  Board  of  Health,  ou  the  Epidemic 
Cholera  of  1848  and  1849. 
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forcibly  recalled  sensations  long  by- 
gone, which  I  had  experienced  to  a 
woful  extent  when  seated  on  the  ben- 
ches of  a  similarly  constructed  school. 
These  observations  stirred  up  a  train 
of  reflections  ;   and  when   I  called 
to  mind  the  freshness  and  alacrity 
with  which,  when  at  school,  our  morn- 
ing operations  were  carried  on,  the 
gradual    approach    to    languor  and 
yawning  wliich  took  place  as  the  day 
advanced,  and  tlie  almost  instant  re- 
suscitation of  the  whole  energies  of 
mind  and  body  that  ensued  on  our 
dismissal,  I  could  not  help  thinking 
that,  even  after  making  every  neces- 
sary deduction  for  the  mental  fatigue 
of  the  lessons  and  the  inaction  of  body, 
a  great  deal  of  the  comparative  list- 
lessness  and  indifference  was  owing  to 
the  continued  inhalation  of  an  air  too 
much  vitiated  to  be  able  properly  to 
purify  the  blood,  which  was  thus  ren- 
dered incapable  of  affording  to  the 
brain  the  degree  of  stimulus  on  which 
its  efficiency  so  essentially  depends. 
This  appeared  the  more  probable  when 
I  recollected  the  pleasing  excitement 
occasionally  experienced  for   a  few 
moments,  from  the  rusli  of  fresh  air 
which  took  place  when  the  door  was 
opened  to  admit  some  casual  visitor. 
Indeed,  on  referring  to  the  symptoms 
induced  by  breathing  carbonic  acid 
gas,  it  is  impossible  not  to  perceive 
that  the  headache,  languor,  and  de- 
bility consequent  on  confinement  in 
an  ill-ventilated  apartment,  or  in  air 
vitiated    by  many  people,  are  but 
I  minor  degrees  of  the  same  process  of 
poisoning  which  ensues  on  immersion 
in  pure  carbonic  acid.    Of  this  mode 
of  poisoning,  "  great  heaviness  in  the 
head,  tingling  in  the  ears,  troubled  sight, 
a  great  inclination  to  sleep,  diminution 
of  strength,  and  falling  downi"  are 
stated  byOrfila  as  the  chief  symptoms; 
and   every  one  knows  how  closely 
these  resemble  what  is  felt  in  crowded 
halls. 

Another  instance  of  the  noxious  in- 
fluence of  vitiated  air,  which  made  a 
very  strong  impression  on  my  mind, 
was  during  a  three  hours'  service  in  a 
crowded  country  church,  in  a  warm 
Sunday  of  July.    The  windows  were 
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all  shut,  and  in  consequence  tlie  open 
door  was  of  little  use  in  purifying  the 
atmosphere,  whicli  was  unusually  con- 
taminated, not  only  by  the  respiration 
and  animal  effluvia  proceeding  from  so 
many  people,  but  by  their  very  abun- 
dant perspiration,  excited  by  the  heat 
and  confinement.  Few  persons  of  the 
lower  classes,  either  in  town  or  coun-  ' 
try,  extend  their  cleanliness  beyond 
the  washing  of  the  liands  and  iace. 
Hence  the  cutaneous  exudation,  in  such 
jjcrsons,  is  characterised  by  a  strong 
and  nauseous  smell,  which,  when  con- 
centrated, as  it  was  on  tliis  occasion, 
becomes  absolutely  overpowering.  Ac- 
cordingly, at  the  conclusion  of  the  ser- 
vice, there  was  heard  one  general  buzz 
of  complaint  of  headache,  sickness, 
and  oppression ;  and  the  reality  of  the 
suffering  was  amply  testified  by  the 
pale  and  wearied  apjiearance  even  of 
the  most  robust.  Nor  was  this  result 
at  all  surprising.  The  natural  stimu- 
lus of  the  brain  is  healthy  uncontarai- 
nated  blood,  and  daily  experience 
shews  us  how  small  a  degree  of  im- 
purity is  necessary  to  produce  a  sen- 
sible effect  upon  it.  Thus  the  inha- 
lation of  ten  drops  of  chloroform, 
occupying  perhaps  half  a  minute,  is 
sufficient,  in  some  constitutions,  to 
produce  total  insensibility;  while  one 
inspiration  of  the  vapour  of  prussic 
acid  has  been  known  to  cause  instan- 
taneous death.  These  substances  are 
absorbed  by  the  capillaries  of  the  lungs, 
and  carried  by  the  current  of  the  blood  I 
to  the  brain,  where  their  injurious 
action  is  ^jroduced.  In  like  manner 
the  animal  effluvia  collected  in  a  con- 
fined air  are  taken  up  by  the  blood, 
which  is  thus  rendered  incapable  of  af- 
fordinga  healthy  stimulus  to  the  brain. 
Hence  the  headaches  and  sickness 
which  the  breathing  a  foul  atmosphere 
so  often  produces.  "I  have  to  walk 
the  Outer-House  every  forenoon,"  says 
Francis  Horner,  "  which  gives  me  a 
constant  headache,  and  debilitates  me 
for  the  remainder  of  the  day.'  *  But 
the  evil  does  not  always  stop  here. 
The  blood  may  be  so  contaminated  that 
removal  to  a  pure  atmosphere  fails  to 

*  Memoirs,  Chambers's  ed.,  p.  68. 
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restore  the  system  to  its  previously 
healthy  condition.  The  poison  takes 
root  in  the  orj^anisiii,  and,  after  a 
period  of  incuhation.  shews  itself  as 
ty plius  fever  or  dysentery.  The  poison 
is  here  not  so  definite  in  its  nature  as 
that  of  small-pox,  but  it  is  analagous 
in  its  action.  Some  time  after  the  re- 
spiration of  a  foul  atmosphere  in  tlie 
one  case,  and  after  inoculation  in  the 
other,  disease  appears, — the  conse- 
quence of  the  growth  of  the  poison 
which  has  been  implanted  in  the 
system,  and  which  Nature  is  incapable 
of  eradicating.  Some  constitutions, 
such  as  the  feeble  and  depraved,  afford 
a  more  favourable  soil  for  the  reception 
and  growth  of  animal  poisons  than 
others,  and  hence  it  happens  that  all 
who  are  exposed  to  their  action  do  not 
suffer  alike.  We  can  now  understand 
why  one  of  the  circumstances  which 
greatly  aggravates  the  bad  effects  of 
the  vitiated  air  in  most  schools,  is  the 
very  long  time  during  which  the  pupils 
are  subjected  to  its  influence.  In 
winter,  the  whole  day  is  generally 
spent  in  school,  and  exercise  in  the 
open  air  becomes  impossible.  In  sum- 
mer, six  or  seven  successive  hours  of 
confinement  are  common,  in  addition 
to  which  even  the  evenings  are  con- 
sumed in  private  preparation  for  the 
tasks  of  the  morrow.  Considering  the 
structure  and  constitution  of  the 
human  being,  a  more  irrational  and 
more  injurious  system  of  education 
could  scarcely  be  invented.  The  brain 
alone  is  exercised,  and  its  exercise  is 
carried  to  the  degree  of  exhaustion ; 
while  the  lungs,  the  muscles,  and  the 
bones,  on  the  exercise  of  Avhich  the 
health  even  of  the  brain  directly  de- 
pends, arc  neglected,  and  injured  by 
disuse.  Apathy  and  exhaustion  are 
the  natural  effects  of  breathing  air 
vitiated  by  the  lungs  of  so  many  com- 
j)anions  for  so  many  successive  hours. 
Tlie  attention  flags,  the  mind  becomes 
indifferent  to  everything  except  an 
intense  longing  for  liberty  and  the 
open  air,  and  the  body  itself  becomes 
weary  and  restless. 

Since  the  publication  of  the  early 
editions  of  this  volume,  several  intelli- 
gent teachers,  who  were  struck  with 


the  truth  of  these  remarks,  and  had 
the  courage  to  act  upon  the  dictates  of 
a  sound  physiology  by  greatly  abridg- 
ing the  hours   of  confinement,  en- 
couraging active  play  in  the  open  air 
several  times  a-day,  and  ensuring  the 
thorough  ventilation  of  the  school- 
rooms at  all  times,  have  expressed 
themselves  delighted  with  the  results, 
and  declared  that  even  the  intellectual 
progress  was  greater  with  only  one- 
half  of  the  confinement,  while  the 
health,  and  power  of  sustained  and 
vigorous  attention,  wci'e  greatly  im- 
proved.    Similar  testimony  was  re- 
peatedly offered   to   Mr  Combe  by 
teachers  in  the  United  States.  "  After 
the  lecture,"'  he  says  on  one  occasion, 
"  the  teacher  of  a  distinguished  private  ^ 
seminary  mentioned  to  me,  that,  in 
consequence  of  the  views  which  he  had 
derived  from  my  lectures  on  phreno- 
logy last  year,  he  had  ventilated  his 
school,  alternated  the  studies,  and  in- 
creased the  hours  of  relaxation,  and 
had  found  the  health  of  himself  and 
his  scholars  improved,  their  powers  of 
application   increased,    and  greater 
enjoyment  imparted  to  them  all."* 
Again,  in   speaking  of  a  new  and 
thoroughly  ventilated  public  school  at 
Boston,  Mr  Combe  says:  "  The  teachers 
told  me  that  since  they  have  occupied 
this  school-house,  the   vivacity  and 
capacity  of  the  scholars  have  obviously 
been  raised,  and  their  own  health  and 
energy  increased. "t 

Of  the  direct  influence  thus  pro- 
duced on  the  health  of  the  children, 
the  following  facts,  taken  from  among 
many  others  in  the  Honourable  Ho- 
race Mann's  Second  Rqyort  to  the  Board 
of  Education  of  Massachusetts,  will  be 
sufficient  evidence.  Of  two  school- 
houses  situated  near  each  other,  the 
one  was  dry  and  well-ventilated,  and 
the  other  damp,  and  so  placed  that  ven- 
tilation was  impracticable.  "  In  the  for- 
mer," says  Mr  Mann,  "  during  a  period 
of  forty-five  days,  five  scholars  were 
absent  from  sickness,  to  the  amount  in 

*  Combe's  Visit  to  tlie  United  States, 
vol.  iii.,  p,  169. 
t  Ibid.,  p.  155. 
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the  whole  of  twenty  days.  In  the 
latter,  during  the  same  period  of  time, 
and  for  the  same  cause,  nineteen  chil- 
dren were  absent  to  an  amount  in  the 
whole  of  one  hundred  and  forty-five 
days."  "  The  appearances  of  the 
children  thus  detained  by  sickness 
indicated  a  marked  difference  in  their 
condition  as  to  health." 

One  of  the  evils  of  ignorance  is, 
that  we  often  err  and  suffer  the  con- 
sequences, without  being  aware  that 
we  are  acting  amiss,  and  that  it  is  in 
our  power  to  escape  the  suffering  by 
avoiding  the  error.    Tor  many  gene- 
rations,   mankind  have  experienced 
the  evil  results  of  deficient  ventila- 
tion, especially  in  towns,  and  suffered 
the  penalty  of  delicate  health,  head- 
aches, fevers,  consumptions,  and  cu- 
taneous and  nervous  diseases  J  and  yet, 
from  ignorance  of  the  true  nature  and 
importance  of  the  function  of  respira- 
tion, and  of  the  great  consumption  of 
air  in  its  performance,  architects  have 
gone  on  planning  and  constructing 
edifices,  without  bestowing  a  thought 
on  the  means  of  supplying  them  with 
fresh  air,  although  animal  life  cannot 
be  carried  on  without  it; — and,  while 
j  ingenuity    and    science    have  been 
taxed  to  the  uttermost  to  secure  a  pro- 
j  per  supply  of  water, — -pure  air,  though 
j  far  more  essential,  has  been  left  to 
steal  in  like  a  thief  in  the  night, 
'  through  any  hole  by  which  it  can  find 
j  an  entrance.    In  constructing  hospi- 
I  tals,  it  is  true,  ventilation  has  been 
1  thought  of,  because  a  notion  is  preva- 
lent that  the  sirk  require  fresh  air, 
and  cannot  recover  without  it;  but  it 
seems  not  to  have  been  perceived,  that 
,  what  is  indispensable  for  the  recovery 
of  the  sick,  may  be  not  less  advan- 
tageous in  jircserving  from  sickness 
'  those  who  are  well.     "  Man,"  says 
I  Mr  Waterton,  "  acts  strangely.  Al- 
i  thouffh  a  currejit  of  fresh  air  is  the 
.  very  life  of  his  lungs,  he  seems  inde- 
'  fatigable  in  the  exercise  of  his  inven- 
tive powers  to  deprive  himself  of  this 
heavenly  blessing.    Thus  he  carefully 
closes  every  cranny  of  his  bed-cham- 
ber against  its  entrance,  and  he  pre- 
fers that  his  lungs  should  receive  the 
mixed  effluvium  from  his  cellar  and 
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his  larder,  and  from  a  patent  little 
modern  aquarius,  in  lieu  of  it.  Why 
should  man  be  so  terrified  at  the  ad- 
mission of  night  air  into  any  of  his 
apartments  ?  It  is  nature's  ever- 
flowing  current,  and  never  carries  the 
destroying  angel  with  it.  See  how 
soundly  the  delicate  little  wren  and 
tender  robin  sleep  under  its  full  and 
immediate  influence,  and  how  fresh 
and  vigorous  and  joyous  they  rise 
amid  the  surrounding  dew-drops  of 
the  morning.  Although  exposed  all 
night  long  to  the  air  of  heaven,  their 
lungs  are  never  out  of  order,  and  this 
we  know  by  the  daily  repetition  of 
their  song.  Look  at  the  newly  born 
hen,  without  any  nest  to  go  to.  It 
lives  and  thrives,  and  becomes  strong 
and  playful,  under  the  unmitigated 
inclemency  of  the  falling  dews  of 
night.  I  have  here  a  fine  male  tur- 
key, full  eight  years  old,  and  he  has  1 
not  passed  a  single  night  in  shelter,  j 
lie  roosts  in  a  cheri'y-trce,  and  always 
is  in  finest  health  the  year  through- 
out. These  dunghill  fowls,  preferring  I 
this  cherry-tree  to  the  warm  perches 
in  the  hen-house,  took  up  their  airy 
quarters  with  him  early  in  October, 
and  have  never  gone  to  any  other 
roosting  place.  The  cow  and  the 
horse  sleep  safely  on  the  cold  damp 
ground,  and  the  roebuck  lies  down  to 
rest  it)  the  heather,  on  the  dewy 
mountain's  top.  I  myself  can  sleep  all 
night  long,  bareheaded,  under  the  full 
moon's  watery  beams,  without  any 
fear  of  danger,  and  pass  the  day  in 
wet  shoes  without  catching  cold. 
Coughs  and  colds  are  generally  caught 
in  the  transition  from  an  overheated 
room  to  a  cold  apartment,  but  there 
would  be  no  danger  in  this  movement 
if  ventilation  were  properly  attended 
to — a  precaution  little  thought  of 
now-a-days."  *  It  must  not  be  sup- 
posed, however,  that  we  mean  to  ad- 
vocate the  practice  of  sleeping  out  of 
doors,  or  of  passing  the  day  in  wet 
shoes;  our  present  object  is  merely  to 
shew,  that  in  healthy  well-drained 
districts  there  is  no  reason  why  night 

*  Waterton's  Essays  on  Natural  His- 
tory. 
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air  should  in  itself  be  unhealthy.  The 
air  which  penetrates  into  our  houses 
must  be  derived  from  the  external  at- 
mosphere, and  during  the  night  must 
be  night  air.  The  danger  in  sleeping 
out  of  doors  does  not,  then,  consist  in 
inhaling  night  air,  but  in  becoming 
chilled  from  insufficient  clothing,  or 
being  drenched  by  rain.  The  case, 
however,  assumes  a  different  aspect 
when  it  is  a  question  of  sleeping  out 
of  doors  in  humid  marshy  districts. 
There  the  atmosphere  is  loaded  with 
deleterious  exhalations,  which,  being 
condensed  by  the  cold  of  night,  act  in- 
juriously on  the  human  constitution, 
and  from  which  the  shelter  of  a  house 
affords  a  certain  amount  of  protection. 

Dr  Thorn  tells  us  that  "  when  cho- 
lera showed  itself  in  Ilydrabad,  in  for- 
ty-eight hours  it  carried  off  96  out  of 
about  400  prisoners  who  were  confined 
in  a  very  imperfectly  ventilated  gaol, 
and  thatalmost  every  shipcarryingcoo- 
lies  from  Calcutta  to  the  West  Indies 
was  attacked  with  cholera  in  the  first 
fortnight  of  the  voyage  :  these  poor 
creatures  in  all  probability  labouring 
under  a  choleraic  diathesis  on  shore, 
h\j  sleeping  in  the  open  air  did  not 
suffer  but  no  sooner  were  they  cooped 
up  on  board  a  vessel,  and  hundreds  of 
them  stowed  down  into  the  '  'tween 
docks,'  at  night  at  least,  or  in  the 
day-time  also  if  the  weather  was  bad, 
than  they  got  cholera."* 

Were  the  communication  of  ge- 
neral knowledge  of  the  structure  of 
man  made  a  regular  part  of  a  libe- 
ral education,  scientific  architects 
would  speedily  devise  the  best  means 
of  supplying  our  houses  with  pure 
air,  as  the  engineer  has  already  sup- 
plied them  with  pure  water,  and  we 
should  cease  to  have  occasion  to  la- 
ment the  lives  of  hundreds  thus  sacri- 
ficed through  ignorance  and  neglect. 
One  of  the  simplest  methods  of  ven- 
tilating the  rooms  of  private  houses 
is  the  introduction  of  a  balanced  me- 
tallic valve  into  the  wall  of  the  room, 
close  to  the  ceiling,  and  opening  a 
communication   with    the  chimney. 

*  Report  of  General  Hoard  of  Health 
on  the  Cholera  of  1848-49,  p.  40. 


The  foul  air,  from  its  greater  heat  and 
consequent  lightness,  rises  to  the  open- 
ing, while  the  draught  caused  by  the 
chimney  sucks  it  in.  This  is  the  sys- 
tem of  ventilation  recommended  by 
Dr  Arnott,  and  it  has  been  found  to 
add  very  much  to  the  salubrity  of 
crowded  apartments.  In  private 
houses,  however,  its  use  is  ojjen  to 
some  objections.  If  the  draught  up 
the  chimney  be  not  strong,  smoke  is 
apt  to  flow  backwards  into  the  room 
in  spite  of  the  opposing  action  of  the 
valve, — while  at  other  times  the 
draught  of  air  caused  by  it  is  exces- 
sive, especially  during  the  prevalence 
of  high  winds.  In  ventilation  it  is 
necessary  to  provide  for  the  free  ad- 
mission of  fresh  air,  as  well  as  for  the 
escape  of  that  which  is  foul ;  when 
this  is  not  attended  to,  the  air  forces 
itself  in  at  every  chink,  and  unpleasant 
draughts  are  the  consequence.  Indeed 
it  often  happens  that  where  apertures 
only  for  the  escape  of  foul  air  exist,  the 
draught  caused  by  the  chimney  re- 
verses the  intended  action,  and  a  cur- 
rent of  air  rushes  down  through  them 
into  the  room.  It  should  therefore, 
as  we  formerly  hinted,  be  the  study  of 
the  architect,  in  planning  every  build- 
ing, to  provide  means  for  the  supply 
of  pure  air  at  a  genial  temperature, 
as  well  as  to  ensure  its  escape  when 
vitiated — and  to  effect  this  by  a  supply 
so  regulated  as  to  avoid  the  occur- 
rence of  draughts. 

The  truth  of  the  doctrines  here  in- 
culcated is  strongly  confirmed  by  the 
experience  of  the  highly  respectable 
establishment  in  which  this  volume 
is  printed.  For  years  the  workmen 
employed  in  it  were  exposed  to  the 
full  influence  of  the  vitiated  air  aris- 
ing in  printing-houses  from  the  nature 
of  the  materials,  the  presence  of  many 
persons  in  the  same  room,  and  the  nu- 
merous lights  required,  especially  in 
winter;  the  whole  of  which  together 
formed  an  atmosphere  sickening  and 
oppressive  to  those  unaccustomed  to 
it,  but  of  the  true  nature  of  which, 
those  habitually  exposed  to  it  received 
a  much  fainter  impression.  On  the 
!  attention  of  the  partners  being  drawn 
j  to  the  importance  of  pure  air  to  bodily 
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,  health  and  mental  activity,  they  be- 
I  came  anxious  to  effect  a  thorough 
1  ventilation  of  their  premises.  The 
,  plan  resorted  to  was  very  simple  :  a 
,  hole  six  or  eight  inches  square  was 
'  opened  into  a  disused  chimney  at  each 
1  end  of  the  principal  apartments,  the 
I  upper  edge  of  it  being  on  a  level  with 
the  ceiling.  The  warm  vitiated  air 
naturally  ascends,  and,  having  the 
benefit  of  the  draught  tlirouch  the 
chimney,  is  readily  carried  up,  and  a 
good  ventilation  is  thus  established. 
The  consequent  improvement  in  the 
comfort  and  working  power  of  the 
men  is,  I  understand,  not  less  remark- 
able than  the  difference  in  comfort  and 
freshness  to  a  stranger  entering  from 
the  open  air.  The  same  plan  has 
been  adopted  in  the  printing-office  of 
the  Scotsman  newspaper  ;  and  t  have 
been  told  by  one  of  the  proprietors, 
that  there  the  workmen  are  now  as 
little  exhausted  at  the  end  of  a  day  in- 
cluding two  or  three  hours  of  extra 
labour,  as  they  were  before  by  their 
ordinary  exertion.  That  the  cau- 
tion given  above,  however,  against 
i  the  occurrence  of  draughts  from  an 
abundant  but  ill-regulated  supply  of 
'  fresh  air  at  a  low  temperature,  is 
!  not  uncalled  for,  is  proved  by  many 
I  examjiles  of  the  bad  effects  which  they 
are  apt  to  produce.  A  writer  in  the 
Lancet  (29th  December  1832),  after 
narrating  a  case  of  a  patient  who  was 
carried  off  by  pleurisy  while  under 
treatment  by  Dr  Eliiotson,  In  St 
Thomas's  Ilospital,  for  disease  of  the 
pylorus,  gives  his  opinion,  that  the 
pleurisy  "  was  most  likely  occasioned 
hij  the  extreme  draughts  of  this  ward. 
There  is  a  great  current  of  air  in  the 
%vard,  and  I  have  seen  many  persons 
in  it  suffer  very  much  indeed."  In  a 
note  it  is  added,  "  The  number  of  pa- 
tients ivho  are  thus  carried  off  yearly, 
forms  a  startling  list  to  he  laid  before 
the  eyes  of  the  Governors  of  this  Institu- 
tion. Such  results  are  shamefully  fre- 
quent.''^ I  have  already  noticed  the 
occurrence  of  pulmonic  inflammation 
from  the  same  causes  in  the  garrison 
of  Stirling  Castle;  and  it  is  to  be 
feared  that  there  are  many,  both 
schools  and  hospitals,  as  much  in  need 


of  improvement  in  this  respect  as  St 
Thomas's  is  stated  to  have  been. 

It  would  serve  only  to  encumber 
these  pages  needlessly,  were  I  to  ad- 
duce here  in  detail  any fui'ther evidence 
that  the  purity  and  due  renovation  of 
the  air  which  we  breatlie,  is  really  in- 
fluential in  promoting  the  healthy  and 
energetic  activity  of  body  and  mind. 
The  proofs  already  given  are  amply 
sufKcieiit  to  establish  the  fact.  But, 
that  no  doubt  may  exist  in  the  mind 
of  even  the  most  incredulous  or  in- 
attentive reader,  I  shall  refer  shortly 
to  one  or  two  instances,  in  which,  by 
the  observance  of  this  law  of  the  human 
constitution,  health  was  extensively 
preserved,  where,  when  the  lavv  was 
neglected,  unusual  sickness  and  mor- 
tality prevailed. 

We  have  already  seen  that  a  free 
circulation  of  air  in  the  sick-room  is 
the  most  effectual  means  of  prevent- 
ing the  sjjread  of  fever.  Sir  Walter 
Scott  notices  incidentally  that  it  was 
equally  efficacious  in  preventing  the 
extension  of  plague  to  the  inmates  of 
the  Old  Tolbooth,  or  Prison,  of  Edin- 
burgh, which  he  has  rendered  famous 
under  the  name  of  "  The  Heart  of 
Mid-Lothian."  "  Gloomy  and  dismal 
as  it  was,  the  situation  in  the  centre 
of  the  High  Street  rendered  it  so 
particularly  well-aired,  that  ivlien  the 
plague  laid  waste  the  city  in  1645,  it 
affected  none  within  these  melancholy 
lyrecincts  and  yet,  in  other  respects, 
a  gaol  was  precisely  the  place  where 
the  plague  might  have  been  expected 
to  prevail  with  the  greatest  virulence. 

About  a  hundred  years  ago,  when 
the  pauper  infants  of  London  were 
brought  up  in  the  workhouses,  amidst 
impure  air,  crowding,  and  want  of 
proper  food,  out  of  2800  received 
into  them  annually,  the  frightful  pro- 
portion of  2690  died  within  the  year  ! 
When  this  murderous  mortality  at 
length  attracted  the  notice  of  Parlia- 
ment, an  act  was  passed  obliging  the 
parish-officers  to  send  the  infants 
to  nurse  in  the  country.  Under  this 
more  humane  treatment,  the  mortality 

*  Heart  of  Mid-Lothian,  vol.  i„  chnp.  g, 
note. 
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speedily  fell  to  450,  being  a  diminu- 
tion of  2240  annually.  "When  the 
late  Dr  Clark  was  a  pupil  at  the 
Lying-iu-IIospital  in  Dublin,  his  at- 
tention was  directed  to  the  frightful 
mortality  amongst  the  infants,  from 
what  were  called  the  nine-day  fits, 
which  destroyed  no  less  than  one  in 
six.  He  ascribed  it  to  overcrowding 
and  deficient  ventilation,  and  at  his 
urgent  request  measures  were  adopted 
to  remedy  what  was  amiss.  The  mor- 
tality immediately  diminished  to  1  in 
19A,  and  at  the  present  day  the  disease 
may  be  said  to  be  almost  extinct.*  In 
my  Treatise  on  the  Management  of  In- 
fancy, I  mention  other  facts  of  a  si- 
milar nature  which  occurred  in  the 
Island  of  St  Kilda,  and  in  the  Dublin 
House  of  Industry,  in  botli  of  which 
places  the  efficacy  of  ventilation  in 
reducing  the  mortality  among  the 
young  was  strikingly  illustrated. 

The  greater  prevalence  of  consump- 
tion among  females  and  persons  lead- 
ing a  sedentary  life  within  doors,  and 
its  comparative  unfrequency  among 
males,  and  especially  among  those 
who  live  much  in  the  open  air,  also 
afford  strong  evidence  that  the  habi- 
tual breathing  of  pure  air,  when  com- 
bined with  ordinary  prudence  in  other 
respects,  is  one  of  the  surest  protec- 
tions we  can  have  against  pulmonary 
disease. 

AV'ith  regard  to  the  temperature  and 
dryness  of  the  air  which  we  breathe, 
some  precautions  are  necessary,  espe- 
cially in  winter.  When  in  the  enjoy- 
ment of  a  nourishing  diet  and  fre- 
quent and  active  exercise  in  the  open 
air,  the  young  are  not  very  susceptible 
of  cold.  But  when  confined  to  the 
house  and  deprived  of  active  exercise, 
as  happens  during  winter  in  many 
seminaries,  they  suiYcr  severely  from 
sitting  or  sleeping  in  cold  rooms.  In 
such  circumstances,  chilliness  of  the 
surface,  coldness  of  the  feet,  and  a 
feeble  circulation,  are  commonly  com- 
plained of,  and  loudly  demand  indul- 
gence in  ample  exercise  in  the  open 

"  British  and  For.  Med.-Chir.  Rev.,  vol. 
iv.,  p.  ncu. 


air,  and  the  provision  of  a  temperate 
atmosphere  within  doors.  If  these 
remedies  be  denied,  permanent  bad 
health,  retarded  development  of  the 
bodily  system,  and  consumption,  will 
frequently  ensue. 

Since  the  introduction  of  Arnott's 
and  other  stoves  into  churches  and 
rooms,  it  has  become  doubly  necessary 
to  attend  to  the  degree  of  dryness  in 
the  air  we  breatlie.  In  its  natural 
state,  the  air  always  contains  more  or 
less  moisture,  and  the  system  is  con- 
stituted with  relation  to  that  fact. 
When,  however,  a  room  is  heated  by 
a  stove,  the  air  which  it  contains  is 
rendered  far  too  dry  for  healthy  re- 
spiration, and  in  that  state,  it  acts 
injuriously  both  on  the  lining  mem- 
brane of  the  air-cells  and  on  the  skin. 
On  the  Continent,  where  stoves  are 
much  used,  a  large  vessel  containing 
water  is  generally  placed  on  the  top 
to  supply  the  necessary  humidity  by 
evaporation  ;  and  the  plan  answei's 
very  well,  as  the  warmer  the  stove, 
the  more  rapid  the  evaporation.  Dr 
Arnott  very  properly  insists  strongly 
on  some  such  precaution  being  com- 
bined with  the  use  of  his  stoves  in 
this  country. 

A  very  moist  atmosphere  is  also  in- 
jurious. It  impedes  exhalation  from, 
and  stimulates  absorption  by,  the  lungs 
and  skin,  so  that  any  deleterious  im- 
purity, such  as  miasma  or  contagion, 
is  much  more  likely  to  be  received 
into  the  system  when  floating  in  a 
moist  air.  This  is  one  of  the  causes 
of  the  high  mortality  which  jirevails 
in  narrow  streets  and  closes ;  and 
hence  the  necessity  of  additional  care 
in  ensuring  cleanliness  in  situations 
where  damp  prevails  from  the  im- 
peded action  of  the  sun  and  wind. 
Hence  again  the  necessity  of  drainage 
in  our  cities  to  ensure  purity  of  the 
air.  "  There  are,"  says  Professor 
Williams,  "  few  kinds  of  filth  more 
offensive,  few  mephitic  gases  more 
foul,  and  few  descriptions  of  offnl 
more  abominable  than  those  which 
are  excreted  from  the  animal  body 
itself.  And  if,  as  we  have  seen,  such 
matters  are  so  injurious  when  notsufli- 
ciently  eliminated  out  of  the  body,  it 
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is  not  surprising  that  they  continue 
to  be  noxious  and  may  become  causes 
of  disease  after  they  have  been  eva- 
cuated, if  proper  means  be  not  taken 
to  remove  them.    The  necessity  of 
self-puritication  is  illustrated  by  the 
instinctive  habits  of  many  animals 
and  birds,  which  talve  much  pains  to 
cleanse  themselves  and  their  young, 
and  in  many  instances  carefully  re- 
move excrements  from  their  nests  and 
habitations.    Yet  with  strange  disre- 
gard of  all  instinctive  feelings,  and  in- 
dolent neglect  of  the  plainest  dictates 
of  reason,  human  beings  are  found 
continually  exposing   themselves  to 
the  influence  of  their  own  accumu- 
lated filth,  until  disease  is  engendered 
and  aggravated  into  pestilence,  and 
the  rate  of  mortality  is  doubled  or 
tripled  in  the  population.''*    A  most 
striking  and  instructive  instance  of 
the  deleterious  action  of  fetid  emana- 
tions from  decomposing  animal  matter 
is  reported  by  the  Board  of  Health. 
Immediately   opposite  Christchurch 
Workhouse,  Spitalfields,  belonging  to 
the  Whitechapel  Union,  and  only  se- 
parated from  it  by  a  narrow  lane,  a 
few  feet  wide,  there  was,  in  1848,  a 
manufactory  of  artificial  manure,  in 
which  the  most  !iboniinal)le  animal 
substances  were   desiccated    by  dry 
heat  on  a  kiln,  or  sometimes  by  mere 
exposure  of  the  compost  to  the  ac- 
tion of  the  sun  and  air.    "  The  work- 
house contained  about  400  children, 
and  a  few  adult  paupers.  When- 
ever the  works  were  actively  carried 
on,  particularly  when  the  wind  blew 
in  the  direction  of  the  house,  there 
were  produced  numerous  cases  of  fe- 
ver, of  an  intractable  and  typhoid 
form  ;  a  typhoid  tendency  to  measles, 
smallpox,   and   other  infantile  dis- 
eases; and  for  some  time  a  most  un- 
manageable and  fatal  form  of  aphthm 
of  the  mouth,  ending  in  gangrene. 
From  this  cause  alone  12  deaths  took 
place  among  the  infants  in  one  quarter. 
In  the  month  of  December  1848,  when 
cholera  had  already  occurred  in  the 
Whitechapel  Union,  60  of  the  chil- 
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dren  in  the  workhouse  were  suddenly 
seized  with  diarrho-a  in  tlie  early 
morning.  The  proprietor  was  com-  > 
pelled  to  close  his  establishment,  and 
the  children  returned  to  their  usual 
health.  Five  mouths  afterwards  the 
works  were  recommenced ;  in  a  day 
or  two  subsequently,  the  wind  blow- 
ing from  the  manufactory,  a  most 
powerful  stench  pervaded  the  work- 
house. In  the  night  following,  45  of 
the  boys,  whose  dormitories  directly 
faced  the  manufactory,  were  again 
suddenly  seized  with  diarrhoea;  whilst 
the  girls,  whose  dormitories  were  in 
a  more  distant  part,  and  faced  another 
direction,  escaped.  The  manufactory 
having  been  again  suppressed,  there  | 
has  been  no  return  of  diarrho'a  up  to 
the  present  time."'^' 

In  connection  with  this  subject  we  i 
may  fitly  refer  to  the  recent  investi- 
gations of  Pi'ofessor  Edmund  Davy  of 
Dublin  on  the  -  Use  of  Peat  or  Turf 
as  a  means  of  promoting  the  Public 
Health  and  Agriculture  of  the  United 
Kingdom."  The  deodorising  jiro^ier- 
ties  of  peat  in  the  form  of  charcoal 
have  been  for  some  time  well  known ; 
but  it  occurred  to  the  Professor,  that 
as  creosote,  one  of  the  most  powerful 
antiseptics,  is  found  in  peat,  the  latter 
would  pi'ove  efficacious  without  the 
charring.  ••  Multiplied  experiments," 
he  observes,  "  on  the  most  offensive 
putrid  matters  I  could  jjrocure,  more 
than  realised  my  most  sanguine  ex- 
pectations ;  and  I  have  most  clearly 
established  the  fact,  that  our  common 
peat  or  turf,  and  turf-mould,  in  all 
their  varieties  of  colour,  as  black, 
brown,  red,  &c.,  in  all  their  changes  of 
form,  as  solid, compact,  fibrous,  friable, 
&c., — in  what  is  sometimes  called  fluid 
peat,  and  at  other  times  flow  peat  or 
quagmire,  as  they  are  all  found  in 
our  bogs,  but  only  sold  in  our  shops 
as  peat  or  turf,  or  peat-mould — have 
similar  deodorising  and  disinfecting 
pi'operties  as  when  charred,  and  that 
these  properties  may  be  increased  to 
a  certain  extent  by  the  most  simple 

>  Report  on  Cliolera  hy  the  Board  of 
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and  inexpensive  means- — namely,  by 
separating  water  from  it,  either  by 
exposure  to  the  sun's  rays  in  dry 
weather,  or  by  artificial  heat  without 
charring  it,  and  by  reducing  it  to  a 
state  of  minute  division  or  fine  pow- 
der."* These  remarks  deserve  the 
attention  of  proprietors  on  whose 
estates  peat  is  found  ;  for,  should  the 
experiments  of  Professor  Uavy  be 
confirmed,  a  material  improvement 
may  be  etFected  at  little  cost  in  the 
sanitary  condition  of  cottages,  while 
the  manure  will  be  better  preserved 
for  the  use  of  the  land. 

The  next  method  for  promoting  the 
health  of  the  lungs  has  a  direct  re- 
ference to  the  second  condition  of 
healthy  respii'ation,  and  consists  in 
the  perfectly  free  expansion  of  the  chest, 
so  that  the  pure  air  which  has  been  pro- 
vided may  have  easy  and  full  access  to 
the  air-calls  of  the  lungs.  This  con- 
dition of  health  implies  not  only  that 
all  external  restraints  upon  the  ex- 
pansion of  the  chest  shall  be  removed, 
but  that,  as  a  general  rule,  the  mode 
of  life  shall  be  sufficiently  active  to 
ensure  that  full  and  deep  respiration, 
without  which  the  aeration  of  the 
blood  cannot  be  adequately  effected. 

At  all  periods  of  life  this  condition 
of  health  is  very  important,  but  in 
youth,  and  especially  during  the  rapid 
development  of  the  organism,  it  may 
justly  be  said  to  be  indispensable. 
The  formation  of  a  sound  constitution 
will  depend  more  upon  its  fulfilment 
than  upon  any  other  single  condition  ; 
and  yet,  if  we  examine  the  prevail- 
ing methods  of  education  and  usages 
of  society  to  ascertain  how  far  it  is 
acted  upon,  we  shall  find  but  little 
room  for  boasting,  and  much  for  dis- 
appointment. Instead  of  frequent  in- 
tervals of  varied  and  active  exertion 
in  the  open  air  being  made  to  divide 
the  long  periods  of  confinement  and 
mental  occupation  to  winch  the  young 
are  subjected,  we  find  scarcely  a  mo- 
ment left,  or  a  change  of  position  al- 
lowed, between  one  lesson  and  another. 
Even  during  the  short  time  allotted  for 


exercise,  a  formal  monotonous  walk, 
at  a  pace  which  leaves  the  breathing 
as  limited  and  feeble  as  before,  is 
often  all  the  indulgence  which  is 
granted.  In  more  mature  life,  the 
habit  thus  cultivated  becomes  con- 
firmed, and  many,  especially  females, 
spend  their  days  in  sedentary  occupa- 
tions and  complete  bodily  inaction, 
which  render  freedom  of  respiration 
impossible.  If,  however,  we  regard 
the  laws  of  the  animal  economy  in 
their  true  light  of  clear  expressions 
of  the  will  of  the  all-wise  Creator 
wlio  instituted  them,  and  not  as  mere 
emanations  of  the  mind  of  man,  we 
shall  be  much  less  likely  to  fall  into 
errors  of  this  kind,  and  far  more 
anxious  to  carry  the  Divine  intentions 
into  practical  efi"ect.*'  The  common 
notion  is,  that  physiological  princi- 
ples and  liygienic  laws  are  the  mere 
inventions  of  man,  and  that  hence 
they  may  be  attended  to  or  neglected 
witli  equal  impunity  as  if  they  really 
were  so.    This  is  a  fatal  mistake. 

Not  only,  however,  is  general  exer- 
cise or  bodily  activity  required,  to  en- 
sure the  health  of  the  lungs  by  the 
complete  end  effectual  respiration 
which  it  necessitates,  but  the  direct 
exercise  of  the  lungs  themselves  is, 
when  judiciously  managed,  one  of  the 
most  efficacious  means  which  we  can 
employ  for  proinoting  their  develop- 
ment and  warding  ofi:"  their  diseases. 
In  this  respect  the  organs  of  respira- 
tion closely  resemble  the  muscles  and 
all  other  organized  parts.  They  arc. 
made  to  be  used,  and  if  they  are  left 
in  habitual  inactivity,  their  strength 
and  health  are  unavoidably  impaired  ; 
while,  if  their  exercise  be  ill-timed 
or  excessive,  disease  will  as  certainly 
follow. 

The  lungs  may  be  exercised  in- 
directly through  such  kinds  of  mus- 
cular exertion  as  occasion  quicker  and 
deeper  breathing;  and  directly  by  the 
employment  of  the  voice  in  speaking, 
singing,  reading  aloud,  or  crying.  In 
general,  both  ought  to  be  conjoined. 
But  whore  the  chief  object  is  to  im- 
pro\c  the  lungs,  those  kinds  which 
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have  a  tendency  to  expand  the  chest, 
and  call  the  organs  of  respiration 
into  play,  ought  to  be  especially  pre- 
ferred. Rowing  a  boat,  fencing,  quoits, 
cricket,  shuttlecock,  and  the  pi-oper 
use  of  the  skipping-rope,  dumb-bells, 
and  gymnastics,  are  of  this  descrip- 
tion. All  of  them  employ  actively 
the  muscles  of  the  chest  and  trunk, 
and  occasion  in  the  lungs  themselves  a 
freer  and  fuller  expansion.  Climbing 
up  hill  is,  for  the  same  reason,  an 
exercise  of  high  utility  in  giving 
tone  and  freedom  to  the  pulmonary 
functions. 

Where,  either  from  hereditary  pre- 
disposition or  accidental  causes,  the 
chest  is  unusually  weak,  every  effort 
should  be  made,  from  infancy  up- 
wards, to  favour  the  growth  and 
strength  of  the  lungs,  by  the  habitual 
use  of  such  of  the  above-mentioned 
exercises  as  can  most  easily  be  prac- 
tised. The  earlier  they  are  resorted 
to,  and  the  more  steadily  they  are 
pursued,  the  more  certainly  will  their 
beneficial  results  be  experienced.  In 
employing  them,  the  principles  ex- 
plained in  the  chapter  on  the  Muscles 
should  be  kept  in  view. 

Habitual  exercise  in  a  hilly  country, 
and  the  frequent  ascent  of  acclivities, 
especially  in  pursuit  of  an  object,  are 
well  known  to  have  a  powerful  effect 
in  improving  the  wind  and  strengthen- 
ing the  lungs  ;  which  is  just  another 
way  of  saying  that  they  increase  the 
capacity  of  the  chest,  promote  free 
circulation    through  the  pulmonary 
vessels,  and  lead  to  the  more  complete 
oxygenation  of  the  blood.    Hence  the 
vigorous  appetite,  the  increased  mus- 
cular power,  and  the  cheerfulness  of 
mind  so  commonly  felt  by  the  invalid 
on  his  removal  to  the  mountains.  I 
was  myself  sensible  of  advantage  from 
this  kind  of  exercise  during  a  High- 
land excursion.    The  necessity  of  fre- 
quent and  deep  inspirations,  and  the 
stimulus  thus  given  to  the  general 
and  pulmonary  circulation,  had  an  ob- 
vious effect  in  increasing  the  capacity 
of  the  lungs  and  the  power  of  bear- 
ing exertion  without  fatigue.  Even 
when  I  was  wearied,  the  ftvtigue  went 
off  much  sooner  than  after  a  walk  of 


equal  length  on  a  level  road,  and  Avas 
unattended  witli  the  hingour  which 
generally  accompanied  the  latter.  In 
fact,  the  most  agreeable  feeling  which 
I  experienced  during  the  whole  ex- 
cursion was  while  resting  after  under- 
going, in  the  ascent  of  a  hill,  a  de- 
gree of  exertion  sufficient  to  accelerate 
the  breathing,  and  bring  out  fi'ee  per- 
spiration. A  lightness  and  activity 
of  mind,  and  freedom  about  the  chest, 
wliich  I  never  felt  to  the  same  extent 
at  any  other  time,  followed  such  liilly 
walks,  and  made  the  fatigue  compara- 
tively light.  Mountain-exercise  con- 
stitutes one  of  the  essential  concomi- 
tants of  the  tuater-cxire ;  and  so  ne- 
cessary is  it  to  the  success  of  Ihe  sys- 
tem, that  all  attempts  to  carry  it  into 
full  effect  in  level  districts  have  failed. 

AVe  must  have  mountains,"  says 
Priessnitz,  and  the  reader  will  now 
understand  the  reason  for  this  neces- 
sity. A  stimulus  must  be  given  to 
the  vital  metamorphoses,  wliich  the 
mere  external  or  internal  use  of  wa- 
ter cannot  impart. 

Before  such  exercise,  however,  can 
be  resorted  to  witli  advantage,  or 
even  with  safety,  there  must  be  no- 
thing in  the  shape  of  active  disease 
existing.  If  there  be,  its  adoption 
will,  in  all  probability,  occasion  the 
most  serious  injury.  This  also  I  ex- 
perienced in  my  own  case  :  for  many 
months  at  an  earlier  stage  of  con- 
valescence, going  up  a  stair,  ascend- 
ing the  most  gentle  acclivity,  or  speak- 
ing aloud  for  a  few  minutes,  was 
equally  fatiguing  and  hurtful,  often 
bringing  on  cough,  and  occasion- 
ally a  slight  spitting  of  blood.  All 
that  time,  riding  on  liorseback,  v.  hich 
exercises  the  body  witliout  hurry- 
ing the  breathing,  was  especially  use- 
ful. The  advantage  of  these  exer- 
cises in  giving  tone  and  capacity 
to  the  lungs,  where  debility  rather 
than  disease  is  complained  of,  is  shewn 
in  their  being  uniformly  resorted  to 
in  preparing  for  the  race-course  and 
for  the  field.  The  true  sportsman 
puts  himself  in  training  as  well  as  his 
dog  or  his  horse,  and  tits  himself  for 
the  moors  by  regular  excursions  pre- 
viously to  the  12th  of  August.   By  so 
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doing  he  improves  his  wind  and  in- 
creases his  muscular  strength  to  a  re- 
markable extent  in  a  very  short  time. 

When  no  active  pulmonary  disease 
exists,  these  exercises  may,  with  the 
best  effects,  be  frequently  carried  so 
far  as  to  induce  free  perspiration ; 
only,  great  care  should  be  taken  not 
to  remain  inactive,  but  immediately 
to  rub  the  surface  of  the  body  tho- 
roughly dry,  and  to  change  the  dress. 
It  is  quite  ascertained  that,  with  these 
precautions,  perspiration  from  exercise 
is  the  reverse  of  debilitating.  It  equa- 
lizes and  gently  stimulates  the  circula- 
tion, relieves  the  internal  organs,  im- 
proves digestion,  and  invigorates  the 
skin.  Jackson  testifies  strongly  to  these 
results,  when  he  declares  that  the 
severe  exercise  undergone  in  training, 
not  only  improves  the  lungs,  but  al- 
ways renders  the  skin  "  quite  clear, 
even  though  formerly  subject  to  erup- 
fz'ojts.'"*  These  assertions  are,  of 
course,  to  be  received  as  the  state- 
ments of  a  man  partial  to  his  own 
art ;  but  they  are  in  accordance  with 
experience,  and  with  the  laws  of  the 
animal  functions,  so  far  as  these  are 
known.  They,  therefore,  merit  the 
consideration  of  professional  men,  and 
of  those  whose  features  are  often  dis- 
figured by  eruptions  which  they  find 
it  difiicult  to  remove  by  any  kind  of 
medicine. 

I  hardly  need  repeat,  that,  when 
wishing  to  favour  the  development  of 
the  lungs,  we  should  be  scrupulous  in 
avoiding  such  positions  of  the  body 
as  hinder  their  full  expansion.  Tail- 
ors, shoemakers,  clerks  at  a  writing- 
desk,  and  the  like,  are  unfavourably 
situated  in  this  respect,  as  their  bent 
position  constrains  the  chest,  and  im- 
pedes the  breathing  and  circulation. 

Direct  employment  of  tlie  lungs  in 
practising  deep  inspiration,  speaking, 
reciting,  singing,  and  playing  on 
wind-instruments,  is  very  influential 
for  good  or  for  evil,  according  as  it  is 
indulged  in  with  or  without  due  re- 
ference to  the  constitution  of  the  in- 
dividual.   If  it  is  properly  managed 

*  Sir  John  Sinclair's  Code  of  Health, 
0th  edition.    Appendix,  p.  Si". 


and  persevered  in,  particularly  before 
the  frame  has  become  consolidated, 
nothing  tends  more  to  expand  the 
cliest,  and  give  tone  and  health  to  the 
important  organs  contained  in  it ;  but 
if  it  is  either  ill-timed  or  carried  to 
excess,  nothing  can  be  more  detri- 
mental to  their  health.  In  this  re- 
spect, as  well  as  morally,  the  intro- 
duction of  singing  into  our  common 
schools,  as  lately  encouraged  by  Go- 
vernment, will  prove  an  inestimable 
advantage ;  and  1  should  rejoice  to  see 
it  universally  adopted  as  an  essential 
part  of  physical,  intellectual,  and 
moral  education,  in  all  classes  of  so- 
ciety. To  the  poor,  especially,  it  will 
sujjply  a  means  of  enjoyment  and  re- 
finement which  will  do  much  to  im- 
prove their  condition,  and  diminish 
the  attractions  of  the  alehouse.''^'  As 
a  preventive  of  disease.  Sir  James 
Clark  is  in  the  habit  of  recommending 
the  full  expansion  of  the  chest  in  the 
following  manner :  "  We  desire  the 
young  person,  while  standing,  to 
throw  his  arms  and  shoulders  back, 
and,  while  in  this  position,  to  inhale 
slowly  as  much  air  as  he  can,  and  re- 
peat this  exercise  at  short  intervals, 
several  times  in  succession  ;  when  this 
can  be  done  in  the  open  air,  it  is 
most  desirable,  a  double  advantage 
being  thus  obtained  from  the  practice. 
Some  exei'cise  of  this  kind  should  be 
adopted  daily  by  all  young  pei-sons, 
more  especially  by  those  whose  chests 
are  narrow  or  deformed,  and  should 
be  slowly  and  gradually  increased.'"! 
In  this  recommendation  1  heartily 
concur. 

On  the  same  principle,  even  the 
crying  and  sobbing  of  children  con- 
tribute to  their  future  health,  unless 
they  are  caused  by  disease,  and  car- 
ried to  a  very  unusual  extent.  The 

"  It  is  pleasing  to  ret  ord  that  there  lias 
lately  been  erected  in  Edinburgh,  chiefly  at 
the  expense  of  Lord  Murray,  a  hall  in  which 
singing  is  to  be  taught,  at  a  very  cheap 
rate,  as  a  branch  of  popular  education.  We 
sincerely  trust  that  his  Lordship's  most 
laudable  endeavour  to  benefit  his  fellow- 
citizens  will  be  crowned  with  success. 

t  Clark  on  Consimiption  and  Scrofula, 
p.  298. 
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!  loud  laugh  and  noisy  exclamations  at- 
'  tending  the  sports  of  the  young,  have 
:  an  evident  relation  to  the  same  bene- 
!  ftcial  end ;  and  ought  therefore  to  bo 
j  encouraged  instead  of  repressed,  as 
they  often  are  by  those  who,  forgetting 
j  that  they  themselves  were  once  young, 
I  seem  to  expect  in  childhood  the  gra- 
!  vity  and  decorum  of  more  advanced 
j  age.    I  have  already  noticed  (j).  97) 
!  an  instance  on  a  large  scale,  in  which 
I  the  inmates  of  an  institution  were, 
for  the  purpose  of  preserving  their 
health,  shut  up  within  the  limits  of 
their  hall  for  six  months,  and  not  al- 
lowed to  indulge  in  any  noisy  and 
romping  sports.    The  aim  of  the  di- 
rectors was  undoubtedly  the  purest 
benevolence,  but,  from  their  want  of 


I 


(taken  from  Dr  Southwood  Smith's 
Fhilosophr/  of  Health),  we  shall 
see,  that,  when  fully  inflated,  they 
must    necessarily   push  downwards 


knowledge,  the  object  was  defeated, 
and  the  arrangement  itself  became 
the  instrument  of  evil.  They  were 
ignorant  that  activity  and  respiration 
stand  in  direct  relation  to  each 
other,  and  that  muscular  action,  by 
promoting  free  respiration,  ensures 
the  normal  performance  of  the  vital 
metamorphoses  of  matter,  which,  in 
their  turn,  ensure  an  increase  of  ani- 
mal heat  and  a  pervading  feeling  of 
comfort. 

Beneficial  as  the  direct  exercise  of 
the  lungs  is  thus  shewn  to  be  in 
strengthening  the  chest,  its  influence 
extends  still  farther.  If  we  examine 
the  position  of  the  lungs  as  indicated 
by  the  numerals  (5,  5)  in  Fig.  16 


and  flatten  the  moveable  arch  of  the 
diaphragm  (/)),  by  whicli  they  are 
separated  from  the  belly  or  abdomen. 
Tliis  alteration,  however,  cannot  take 
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place  without  the  diaphragm  in  its 
turn  pushing  down  the  liver  (6), 
stomach  (7),  and  howels  (8,  9),  which 
it  accordingly  does,  causing  them  to 
project  forwards  and  sidewards.*  But 
no  sooner  are  the  lungs  fully  inflated, 
than  the  contained  air  is  again  thrown 
out.  The  lungs  diminish  in  size,  the 
diaphragm  rises,  and  with  it  all  the 
contents  of  the  abdomen  return  to 
their  former  position.  The  whole 
digestive  apparatus  is  thus  subjected 
to  a  continual  pressure  and  change  of 
place  ;  and  the  stimulus  thence  arising 
is  in  truth  essential  to  the  healthy 
performance  of  the  digestive  functions, 
and  is  one  of  the  means  arranged  by 
the  Creator  for  the  purpose.  Conse- 
quently, if  the  lungs  be  rarely  called 
into  active  exercise,  not  only  do  they 
suffer,  but,  an  important  aid  to  diges- 
tion being  withdrawn,  the  stomach  and 
howels  also  become  weakened,  and  in- 
digestion and  costiveness  ensue.  I 
have  already  alluded  to  this  subject  in 
the  cliapter  on  muscular  exercise,  and 
have  also  considered  it  in  detail  in  my 
work  On  Digestion  and  Diet ;  but  the 
general  principle  will  be  sufficiently 
understood  from  inspection  of  the 
above  figure. 

After  this  exposition  I  hardly  need 
say  that  the  loud  and  distinct  speaking 
enforced  in  many  public  schools  is 
productive  of  much  good  to  the  young, 
and  that  the  lessons  in  singing  now  to 
be  carried  into  effect  in  other  institu- 
tions besides  Infant  Schools  are  much 

*  The  following  are  additional  explana- 
tions of  the  figure  : — 

a  a  a.  The  cut  edges  of  the  ribs,  forming 
tlie  lateral  boundaries  of  the  cavity  of  the 
chest. 

c  c  c  c.  The  cut  edges  of  the  abdominal 
muscles,  turned  aside,  exposing  the  general 
cavity  of  the  abdomen. 

1.  The  cut  edge  of  tlie  pericardium,  or 
membrane  inclosing  tlie  heart,  turned 
aside. 

2.  The  heart. 

3  3  3.  The  great  vessels  in  immediate 
connection  with  the  heart. 
4.  The  trachea,  or  windpipe. 
6  6.  The  liver. 

7.  The  stomach. 

8.  The  large  intestine. 

9  9.  The  small  intestines. 
10.  The  urinary  bladder. 


to  be  commended.  Let  any  one  who 
doubts  their  efficacy  as  exercises  of 
the  lungs,  attend  to  what  passes  in  his 
own  body  on  reading  aloud  a  single 
paragraph,  and  he  will  find  not  only 
that  deep  inspirations  and  full  expira- 
tions are  encouraged,  but  that  a  con- 
siderable impulse  is  communicated  to 
the  bowels ;  affording  a  marked  con- 
trast to  the  slight  breathing  and 
quiescent  posture  of  those  whose  voices 
never  rise  above  a  whisper. 

Reading   aloud,  public  speaking, 
and  lecturing,  are  excellent  exercises 
for  developing  the  lungs  and  the  chest. 
But,  as  they  require  some  exertion, 
they  ought  to  be  indulged  in  with 
prudence,  and  with  constant  reference 
to  the  constitution  and  healtli  of  the 
individual.    The  reviewer  of  a  former 
edition  of  the  present  volume  (himself 
a  lecturer),  in  noticing  this  part  of  the 
book,  adds  the  following  testimony: — 
"  We  know,  ourselves,  from  personal 
experience,  that,  often  when  preparing 
to  go  to  lecture,  a  languor  has  crept 
upon  us,  inducing  an  unwillingness  to 
exert  ourselves.    We  have  gone, — the 
lecture  has  commenced, — the  mind  was 
called    into   action, — a  perspiration 
broke  forth  on  the  brow, — the  circula- 
tion was  equalised, — and,  at  the  con- 
clusion of  the  lecture,  the  languor  was 
gone."    Hence  he  recommends  "read- 
ing to  one's  family  in  the  evening," 
as  "  an  excellent  practice,  and  one 
tending  much  to  sweeten  social  life."^ 
When  early  resorted  to  and  steadily 
persevered  in,  such  exercises  are  very 
useful  in  warding  off  disease,  and 
strengthening  an  important  function. 
But  when  begun  suddenly,  and  carried 
to  excess  by  persons  with  weak  lungs, 
they  are  more  directly  injurious  than 
almost  any  other  cause.    It  is  not  un- 
common for  young  divines  to  make 
excessive    exertions    in  preaching, 
without    any   preparation    for  tlie 
effort  which  it  requires ;  and  to  ex- 
perience, in  consequence,  pains  in  the 
chest,  spitting  of  blood,  and  other 
dangerous  forms  of  disease,  which 
often  extinguish  their  brightest  pros- 

*  London  Medical  and  Surgical  Journ:.'. . 
No.  134,  p.  107. 
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pects  in  the  morning  of  life.  Sacri- 
tices  of  this  kind  are  the  more  to  be 
lamented,  because  it  is  probable  that, 
by  a  well-planned  system  of  gradual 
preparation,  many  who  fall  victims 
might  find  in  their  professioii  even  a 
source  of  safety. 

The  late  illustrious  Cuvier,  as  was 
mentioned  at  page  126,  is  considered  to 
have  been  saved  from  an  early  death, 
by  his  appointment  to  a  professorship 
leading  him  to  the  moderate  and  re- 
guliU'  exercise  of  his  lungs  in  teaching 
— a  practice  that  soon  removed  tlie 
delicacy  of  chest  to  which  he  was  sub- 
ject, and  enabled  liim  to  pass  unin- 
jured through  a  long  and  active  life. 
Other  examples  of  the  same  kind  might 
be  mentioned.  But  it  is  important  to 
observe,  that  in  all  of  them  the  exercise 
was  always  accurately  proportioned  to 
the  existing  state  of  the  lungs.  Uad 
active  disease  existed,  or  the  exertion 
required  been  beyond  what  the  lungs 
wei-e  fully  able  to  bear,  the  effect 
would  have  been,  not  to  improve 
health,  but  to  destroy  life ;  and  this 
condition  of  accurate  relation  between 
the  amount  of  exercise  and  the  state  of 
the  organism  must  never  for  a  moment 
be  overlooked.  With  a  little  care, 
I  however,  the  point  at  which  direct 
I  exercise  of  the  lungs  ought  to  stop 
i  may  easily  be  determined  by  observ- 
j   ing  its  efl'ects. 

j  The  same  principle  leads  to  another 
obvious  rule :  When  disease  of  any 
kind  exists  in  the  chest,  exercise  of 
the  lungs  in  speaking,  reading,  and 

I  singing,  and  also  in  ordinary  muscular 
exertion,  ought  either  to  be  entirely 
refrained  from,  or  strictly  regulated 
by  professional  advice.  When  a  joint 
is  sore  or  inflamed,  we  know  that 
motion  impedes  its  recovery.  "When 
the  eye  is  affected,  we  for  a  similar 
reason  shut  out  the  light ;  and  when 
■  the  stomach  is  disordered,  we  have 
respect  to  its  condition,  and  become 
more  careful  about  diet.  The  lujigs 
demand  a  treatment  founded  on  the 
same  general  principle.  If  they  are 
inflamed,  they  must  be  exercised  as 
little  as  possible,  otherwise  mischief 
will  ensue.  Hence,  in  a  common  cold 
of  any  severity,  silence,  which  is  the 
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absence  of  dii-ect  pulmonary  exercise, 
ought  to  be  preserved,  and  will,  in 
truth,  be  its  own  reward.  In  severe 
cases,  and  in  acute  inflammations  of 
the  chest,  this  rule  is  of  the  greatest 
importance.  It  is  common  to  meet 
with  patients  who  cannot  speak  three 
words  without  exciting  a  fit  of  cough- 
ing, and  who,  notwithstanding,  cannot 
be  persuaded  that  speaking  retards 
their  recovery.  In  like  manner,  in 
spitting  of  blood,  and  in  the  early 
stage  of  tubercular  consumption,  when 
the  breathing  cannot  be  excited  with- 
out direct  mischief,  it  is  often  difficult 
to  convince  either  the  patient  or  his 
friends  of  the  necessity  of  silence.  He 
perhaps  does  not  feel  pain  on  attempt- 
ing to  speak,  and  says  that  "  it  merely 
raises  a  short  tickling  cough,  which  is 
nothing."  But  if  he  persists,  dearly 
bought  experience  will  teach  him  his 
error,  and  dispose  him  to  regret,  as 
did  a  lamented  friend  of  the  author, 
that  a  few  weeks  out  of  the  years 
which  he  had  dedicated  to  the  study  of 
the  classics  had  not  been  devoted  to 
the  acquisition  of  some  little  know- 
ledge of  the  structure  and  functions  of 
his  own  body.  In  the  instance  alluded 
to,  after  spitting  of  blood  had  been  in- 
duced by  severe  bodily  labour,  the 
patient  continued  talking  almost  the 
whole  day  to  the  visitors  and  inmates 
of  a  large  public  establishment,  and 
believed  himself  all  the  time  to  be 
very  careful,  as  he  said  he  was  no 
longer  exerting  his  body.  When  the 
error  was  pointed  out,  and  the  mecha- 
nism of  the  lungs  explained  to  him,  he 
deeply  bewailed  the  ignorance  which 
had  allowed  him  to  act  in  a  manner 
so  pernicious." 

All  violent  exercise  ought,  for  si- 
milar reasons,  to  be  refrained  from, 
during  at  least  the  active  stages  of 
cold.  Everything  which  hurries  the 
breathing,  whether  walking  fast,  as- 
cending an  acclivity,  or  reading  aloud, 
has  the  same  effect  on  the  diseased 
lungs  that  motion  of  the  bone  has  on 

*  The  patient  here  referred  to  was  Mr 
Abram  Cotnbe,  the  author's  brother.  See 
Life  and  Correspondence  of  Dr  Combe,  p. 
142.— Ed. 
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an  inflamed  joint.  It  seems  to  me, 
that  many  people  hurt  themselves 
much  more  by  the  active  exercise  they 
take  during  a  severe  cold  than  by  the 
mere  exposure  to  the  weather.  It  is 
well  known  that  a  person,  when  suf- 
fering from  inflammatory  cold,  may 
go  out  for  a  sliort  time  even  in  an 
open  carriage  more  safely  than  on  foot; 
and  there  is  much  reason  to  believe, 
that  it  is  the  absence  of  active  exercise 
of  the  lungs  in  the  former  case,  which 
makes  the  exposure  less  hurtful.  In 
chronic  couglis,  on  tlie  contrary,  when 
there  is  no  pulmonary  excitement, 
carriage  exercise,  by  chilling  the  sur- 
face, is  apt  to  increase  the  expectora- 
tion ;  while  a  gentle  walk,  by  stimu- 
lating the  action  of  the  skin,  dimi- 
nishes it. 

After  all  active  disease  has  been 
subdued,  or  when  nothing  but  deli- 
cacy remains,  the  adequate  exercise  of 
the  lungs  is  one  of  the  best  means  of 
promoting  effectual  recovery.  Those 
parents,  therefore,  act  most  errone- 
ously, who,  in  their  apprehensive 
anxiety  for  the  protection  of  their  de- 
licate children,  scrupulously  prohibit 
them  from  every  kind  of  exercise 
which  requires  the  least  etfort,  and 
shut  them  up  from  the  open  air  dur- 
ing winter,  in  the  delusive  hope  of 
thus  warding  off  cold  and  protecting 
their  lungs.  I  have  seen  the  greatest 
delicacy  of  constitution  thus  engen- 
dered, especially  when  an  undue 
quantity  of  warm  clothing  was  <at  the 
same  time  employed.  When  tested  by 
the  principles  above  e.xplained,  such 
conduct  is  found  to  be  as  ill  adapted 
as  possible  to  the  end  in  view,  and 
utterly  at  variance  with  the  laws  of 
the  animal  economy. 

Considering  the  delicacy  and  ex- 
tent of  the  lining  membrane  of  the 
lungs,  and  the  ready  access  to  it 
which  the  external  air  has,  it  cannot 
be  a  matter  of  surprise  that  sudden 
or  great  changes  in  the  atmospheric 
temperature  or  constitution  should 
often  operate  injuriously  on  the  lungs, 
and  be  the  means  of  inducing  not 
only  colds  but  more  serious  disease. 
During  respiration  the  inhaled  air,  ex- 
cept when  very  cold,  acquires  a  tem- 


perature closely  approaching  to  that 
of  the  body,  and  thus  carries  off  a 
larger  proportion  of  caloric,  the  lower 
its  temperature  when  inhaled.  Valen- 
tin found,  for  instance,  that  when  the 
temperature  of  tlie  inspired  air  was 
20°  F.,  that  of  the  expired  air  was  85°, 
shewing  an  acquired  temperature  of 
65°;  while,  when  inhaled  at  70°,  it 
was  exhaled  at  99°,  sliewing  an  in- 
crease of  onlj-  29°,  and  a  correspond- 
ing saving  of  caloric  to  the  body.* 
We  here  see  why  an  invalid  whose 
heat-producing  powers  are  low  should 
be  liable  to  sutfer  from  exposure  to 
a  cold  atmosphere  even  when  warmly 
clad ;  an  amount  of  caloric  is  carried 
off'  by  the  breath,  beyond  the  powers 
of  the  system  to  replace.     The  pro- 
portion of  the  total  heat  generated  in 
the  body  which  is  given  off"  by  the 
lungs  in  heating  the  air  of  respiration, 
has  been  variously  estimated  by  dif- 
ferent physiologists.     According  to 
Barral  it  amounts  to  7'3per  cent.,  and 
to  Valentin  to  8"5  per  cent. ;  but  these 
estimates  rest  upon  very  uncertain 
data,  which  necessarily  vary  with  the 
atmospheric  temperature. f    The  tem- 
perature of  the  air  most  congenial  to 
delicate  lungs  lies  between  60°  and 
70° ;  tlie  breath  then  marks  precisely 
the  tenipei-ature   of  the  blood,  and 
the  inhaled  air  tlius  cannot  have  any 
depressing  effect  upon  the  respiratory 
organs  by  lowering  their  temperature; 
while  it  is  sufficiently  cool  to  allow, 
by  its  expansion  in  the  lungs,  of  a 
due  amount  of  aqueous  vapour  being 
carried  off.    It  is  a  curious  fact,  but 
one  quite  in  accordance  with  the  laws 
which  govern  the  temperature  of  the 
body,  that  when  hot  air  is  inspired  it 
is  exhaled  at  a  diminished  tempera- 
ture.   Thus  Valentin  found  that  air 
at  107°  was  reduced  to  100°;  precisely 
tlie  same  degree  of  heat  that  was 
marked  when  the  temperature  of  the 
inhaled  air  was  70°.  From  these  facts 
the  reader  will  learn  the  propriety  of 
diminishing,  especially  in  delicate  sub- 
jects, the  risk  of  sudden  transitions,  by 

*  Lehrbucli,  vol.  i.,  p.  534. 
t  Wagner's  Himdworterbuch,  Band  IV., 
p.  73. 
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breathing  through  several  folds  of 
woollen  fabric  or  silk  when  obliged  to 
pass  from  a  warm  room  to  the  cold  ex- 
ternal air,  or  to  breathe  a  cold  or  damp 
air  for  a  length  of  time.  The  cokl  air 
becomes  partially  heated  and  deprived 
of  its  moisture  in  passing  through 
such  a  medium,  and  the  protection 
thus  atTorded  is  so  evident  that  few 
who  have  tried  the  precaution  will 
ever  afterwards  neglect  it.  Since 
these  remarks  were  iirst  published,  a 
very  ingenious  instrument  has  been 
contrived  by  Mr  Jeffreys  of  London, 
for  wearing  over  the  mouth  and  pre- 
serving a  uniform  temperature  in  the 
air  we  breathe,  even  in  passing  from 
a  warm  drawing-room  to  a  cold  win- 
try atmosphere.  From  personal  ex- 
perience, as  well  as  observation  of  its 
effects  on  others,  I  can  speak  very- 
fa  vourably  of  its  usefulness  for  pul- 
I  monary  invalids,  and  for  persons  who 
I  suffer  from  delicacy  in  any  part  of  the 
I  air-passages.  The  instrument  is  called 
"Jeffreys'  Respirator,"  and  consists  of 
two  or  three  plates  of  fine  closely-set 
wire,  through  the  interstices  of  which 
the  breath  passes.  The  heat  which 
the  wire  receives  from  the  breath  is 
imparted  to  the  inhaled  air,  the  tem- 
perature of  which  is  thus  increased; 
and  this  increase  is  greater  or  less  ac- 
cording to  the  number  of  the  plates  of 
wire. 

Perhaps  the  most  important  time  in 
the  life  of  a  person  born  with  a  pre- 
disposition to  consumption  is  that  of 
puberty,  comprising  from  the  com- 
mencement of  rapid  growth  to  the 
full  consolidation  of  the  system  about 
or  after  the  twenty-fourth  year.  In 
most  young  people,  the  transition  from 
adolescence  to  maturity  is  so  rapid, 
that  for  two  or  three  years  all  the 
animal  powers  are  tasked  to  enable 
nutrition  to  keep  pace  with  growth, 
and  a  corresponding  debility  of  both 
body  and  mind  is  often  observed  to 
co-exist,  indicating  in  the  clearest 
manner  the  necessity  of  a  temporary 
remission  from  such  studies  and  occu- 
pations as  require  much  mental  exer- 
tion or  confinement  within  doors.  The 
development  and  health  of  tlie  phy- 


sical system  ought  then  to  be  almost 
exclusively  attended  to;  and  when  the 
body  has  acquired  its  solidity,  the 
mental  faculties  will  again  become 
active.  1  have  seen  instances  where 
a  knowledge  of  the  latter  fact  afforded 
substantial  consolation  to  young  men 
who,  while  their  bodies  were  growing 
rapidly,  were  apt  to  become  despond- 
ent, on  account  of  the  unusual  slug- 
gishness and  inefficiency  of  their  in- 
tellectual powers.  After  a  few  years, 
when  growth  and  consolidation  were 
com2)leted,  the  brain  vigorously  re- 
sumed its  functions. 

In  such  circumstances,  relaxation 
from  study,  residence  in  the  country, 
exercise  in  the  ojien  air,  plenty  of 
nourishment,  and  freedom  from  care, 
will  often  do  great  good,  if  suffi- 
ciently persisted  in,  and  go  far  to 
protect  the  patient  against  the  future 
invasion  of  consumption.  —  Whereas, 
if,  under  the  mistaken  notion  that 
such  precautionary  measures  are  a 
waste  of  time,  a  delicate  growing 
youth  is  allowed  to  continue  at  his 
studies  or  his  desk  till  disease  has  ac- 
tually commenced,  the  disappointed 
parent  may  discover  that  it  is  too  late 
to  take  alarm  when  health  is  gone. 

I  am  desirous  to  draw  the  attention 
of  parents  to  this  subject,  because  a 
good  deal  of  observation  has  satisfied 
me  that  too  little  regard  is  paid  to 
the  j>i'Cs^rvation  of  health  at  this  criti- 
cal period  of  life,  and  that,  by  proper 
management  during  the  transition 
from  adolescence  to  maturity,  many 
who  now  fall  victims  might  be  saved. 
The  statistical  returns  of  large  towns 
shew.that,  especially  in  the  male  sex,  the 
period  between  seventeen  and  twenty- 
four  years  of  age  is  really,  as  described 
by  a  late  careful  investigator  of  the 
laws  of  mortality,  "one  of  restlessness, 
toil,  and  danger  ;  the  human  faculties 
are  then  exercised  to  the  utmost,  and 
life  is  more  freely  expended  than  at 
any  other  season."*  Taking  Paris  for 
an  example,  we  find  that,  according  to 
the  census  of  1816,  the  population  of 
this  city  included  between — 

*  On  the  Natural  and  M.athematical 
Laws  concerning  Population,  ^'itality,  and 
Mortality.    By  Francis  Corbaux.  P.  92. 
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10  &  15  years  of  age.      15  cSi  20  years  of  age.      20  &  25  years  of  age.     23  &  30  years  of  age. 


M.  22,995.  f.  24,373.  M.  32,Glil.  F.  35,721.  M.  26,582.  F.  3G^70.  M.  27,019.  F.  35,957. 
while  the  mortality  was  as  follows  : — 
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3700 

2787 

,2342 

2951 

This  table,  which  is  compiled  from 
a  French  journal,*  shews  a  i-emarkablc 
increase  in  the  number  of  deaths  be- 
tween 15  and  20,  over  those  between 
10  and  15  ;  and  again  another  increase 
in  the  male  mortality  in  those  between 
20  and  25  over  those  between  25  and 
30.  In  the  females,  from  circum- 
stances which  it  is  unnecessary  to 
explain  here,  the  period  of  increased 
mortality  extends  to  30  years  of  age. 

These  statistics,  especially  when  the 
excess  of  female  population  is  borne  in 
mind,  place  in  a  striking  point  of 
view  the  dangers  of  the  state  of  tran- 
sition from  youth  to  manhood,  espe- 
cially amidst  the  temptations  of  a 
luxurious  capital ;  and  the  necessity  of 
attempting,  by  early  instruction  and 
timely  prudence,  to  protect  the  young 
against  tlie  numerous  causes  of  disease 
which  then  come  into  active  and  fatal 
operation.  They  ought  also  to  serve 
as  a  warning  to  those  who,  in  tlie 
spring-time  of  life,  are  inclined  to  trust 
implicitly  for  their  safety  to  the 
strength  of  a  good  constitution,  and  to 
despise  the  prudence  which  dictates 
the  avoidance  of  unnecessary  exposure. 

»  Annales  d'Hygigne  Publique,  July  1850. 


And  they  shew,  in  a  manner  not  less 
forcible,  the  evils  consequent  on  war, 
in  the  high  male  mortality  of  the  year 
1814,  when  Paris  was  occupied  by  the 
allied  forces. 

The  early  maximum  of  mortality  in 
the  male  sex,  especially  in  cities,  is 
explicable  by  the  fact,  that  it  is  at  the 
approach  of  manhood,  when  both  mind 
and  body  are  in  a  state  of  transition, 
tliat  dissipation  is  most  indulged  in, 
and  presses  with  its  deadliest  force. 
Many  delicate  youths  are  carried  off", 
Vvho  would  have  escaped  without  in- 
jury, if  they  could  have  been  persuaded 
to  act  with  prudence  during  these  two 
or  three  critical  years.  Many,  I  am 
constrained  to  say,  first  learn  the 
means  of  their  destruction  in  boarding- 
schools  and  places  of  public  resort,  and 
that  often  when  no  mischief  is  sus- 
pected by  their  respectable  teachers. 
On  this  topic,  however,  the  non-pro- 
fessional character  of  the  present  work 
precludes  me  from  entering  into  de- 
tails. 

There  is  another  requisite  for  the 
permanent  health  of  the  lungs,  to 
which  sufficient  weight  is  far  from 
being  attached  in  society,  and  which 
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I  can  scarcely  urge  too  strongly  upon 
the  attention  of  parents  and  the  guar- 
dians of  the  young,  as  well  as  of  the 
young  themselves.  I  allude  to  the 
influence  of  the  original  constitution 
of  the  lungs. 

Universal  experience  shows  that  the 
ordinary  assimilating  processes  act  by 
fashioning  the  nutritive  material  ac- 
cording to  cei'tain  laws  received  from 
the  model  or  ancestor.    The  germ  of 
the  Hindoo  or  Negro  receives  from  the 
parent  certain  immutable  specific  cha- 
racters, and  is  invariably  developed 
into  a  Hindoo  or  Negro ;  and  according 
to  precisely  analogous,  though  more 
mutable  laws,  the  germ  derived  from 
consumptive  parents  is  developed  into 
an  individual  liable  to  consumption. 
This  truth  is  practically  recognLsed 
by  insurance  companies,  which  i-eject, 
without  hesitation,  individuals  whose 
parents  died  of  this  disease.    But  in 
consumption,  tlie  type  according  to 
which  the  nutritive  material  is  fa- 
shioned, is  less  determined  and  specific 
i  than  in  the  Hindoo  or  Negro,  because 
in  this  latter  instance  the  variation  of 
the  type  is  not  one  of  disease ;  whereas 
in  consumption  it  is  a  variation  from 
a  normal  standard,  which  the  inherent 
powers  of  the  system  are  continually 
striving  to  overcome.  If,  therefore,  an 
individual  of  a  consiunptive  family  be 
placed   in   cii'cumstances  extremely 
favourable  to  health,  the  tendency  to 
the  disease  may  be  conquered;  but  if 
foul  air,  excess  or  deficiency  of  diet, 
or  the  abuse  of  stimulants  be  allowed 
to  imjjair  the  nutritive  powers,  a  de- 
praved condition  of  the  blood  then 
ensues,  which  most  cei'tamly  passes 
into  consumption.     Accordingly,  no 
fact  in  medicine  is  better  established 
than  that  which  proves  the  hereditary 
transmission  from  parents  to  children 
of  a  constitutional  liability  to  pulmo- 
nary disease,  and  especially  to  con- 
sumption ;  yet  no  condition  is  less 
attended  to  in  forming  matrimonial 
engagements.   The  children  of  scrofu- 
lous and   consumptive   parents  are 
generally  precocious,  and  their  minds 
being   early  matured,  they  engage 
early  in  the  business  of  life,  and  often 
enter  the  married  state  before  their 


bodily  frame  has  had  time  to  consoli- 
date. For  a  few  years,  every  tiling 
seems  to  go  on  prosperouslj',  and  a 
numerous  family  gathers  around  them. 
All  at  once,  however,  even  whUe  youth 
remains,  their  jjhysical  powers  begin 
to  give  way,  and  tliey  drop  prema- 
turely into  the  grave,  exhausted  by 
consumption,  and  leaving  children 
behind  them,  destined  in  all  proba- 
bility either  to  be  cut  ofi"  as  tliey  ap- 
proach maturity,  or  to  run  through 
the  same  delusive  and  fatal  career. 

Many  examples  of  tliis  kind  might 
be  pointed  out  among  the  higher 
classes  of  society,  who  are  not  re- 
strained from  following  their  predo- 
minant inclijiations  by  any  necessity 
of  seeking  subsistence  in  professional 
pui'suits.  And  many  instances  might 
be  referred  to,  in  which  no  regard  was 
shewn  to  the  manifest  existence  of  the 
same  disposition  in  the  family  of  either 
parent,  and  in  which,  consequently, 
the  married  state  was  embittered 
either  by  barrenness,  which  is  then  tiie 
most  favourable  result,  or  by  the  pre- 
valence of  disease  and  delicacy  in  the 
progeny.  It  may  not  be  easy  to  en- 
force upon  tlie  young  and  inexperi- 
enced the  I'equisite  degree  of  attention 
to  these  circumstances;  but  surely 
education,  esjiecially  when  backed  by 
example,  might  do  much,  if  the  young 
were  properly  instructed  at  an  early 
period  in  the  leading  facts  and  prin- 
ciples of  tJie  human  constitution. 
Where  hereditary  precocity  and  deli- 
cacy of  frame  exist,  marriage,  instead 
of  being  hastened,  ought  invariably 
to  be  delayed  at  least  till  the  fullest 
maturity  and  consolidation  of  the  sys- 
tem; otherwise  the  consequences  will 
be  equally  unhappy  for  the  individual 
and  for  his  progeny.  From  the  fact 
of  the  large  number  of  young  married 
people  who  suffer  from  consumption,  Dr 
Walshe*  inferred  that  there  is  a  greater 
"  i)roneness  to  early  marriage"  among 
the  consumptive  of  both  sexes  ;  but 
the  reasons  above  stated  seem  to  us  to 
render  it  more  probable  tliat  a  "greater 
2)roneness  to  consumption  '  among  the 

*  First  Medical  Report  of  tlie  Hospital 
for  Consumption. 
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early  married  of  both  sexes  is  the  cor- 
rect inference  from  the  fact  referred 
to.  During  growth  and  for  a  consi- 
derable time  afterwards,  the  constitu- 
tion is  still  imperfect  even  in  healthy 
subjects,  and  wants  the  enduring 
strength  wliich  it  acquires  in  mature 
age,  and  the  possession  of  which 
marks  the  period  which  Nature  has 
fixed  for  the  exercise  of  the  functions 
of  reproduction.  Many  young  people 
of  both  sexes  fall  sacrifices  to  early 
marriage,  who  might  have  withstood 
the  ordinary  risks  of  life,  and  lived 
together  in  happiness,  if  thej'  had  de- 
layed their  union  for  a  few  years,  and 
allowed  time  for  the  consolidation  of 
their  constitutions.  These  remarks 
are  confirmed  bj'  the  returns  of  the 
French  army,  which  shew  that  the 
young  recruits,  who  join  at  20,  are 
much  less  able  to  withstand  injurious 
influences  than  older  soldiers  whose 
systemshave  becomeconsolidated.  Dui'- 
ing  the  first  years  of  service  the  mor- 
,  tality  amounts  to  7^  per  cent.,  during 
the  second  to  6|  per  cent.,  and  gra- 
dually decreases  to  2  ])er  cent,  during 
the  sixth  and  seventh  years.* 

I  have  urged  this  point  strongly, 
because  hereditary  predisposition  is, 
avowedly  and  beyond  all  doubt,  a  fre- 
quent source  of  the  more  serious  forms 
of  pulmonary  disease,  and  it  would  be 
worse  than  folly  to  allowpast  and  pain- 
ful experience  to  go  for  nothing.  Medi- 
cal men  have  much  in  their  power  in 
preventing  such  violations  of  the  laws 
of  the  Creator,  at  least  where  thej'  are 
regarded,  as  they  should  always  be, 
as  the  friends  not  less  than  the  pro- 
fessional advisers  of  the  family.  An 
instructive  example  of  the  influence  of 
the  mother  on  the  health  of  progeny 
is  afforded  by  the  relative  mortality 
of  Jewish  and  Christian  infants  in 
Prussia.    Jewesses  there  seldom  work 
in  factories,  and  least  of  all  when 
pregnant,  or  having  the  care  of  very 
young  children.     This  custom  gives 
the  Jewish  pojiulation  such  an  advan- 
tage in  point  of  health,  that  where- 
as in  every  100,000  Christians  born, 

*  Annnlcs  d'Hygicne   Publitiue,  April 
181D,  p.  292. 


there  are  3569  still-born,  there  are 
only  2524  in  the  same  number  of  the 
Jews;  whUe  out  of  100,000  infants 
of  Christian  parentage,  17,413  die  in 
the  first  year,  but  only  12,935  in 
100,000  of  the  Jewish  race.f 

In  connection  with  this  subject,  I 
may  mention  that  Sir  James  Clark  has 
the  merit  of  having  drawn  attention 
to  the  impoi'tant  fact,  that  a  state  of 
impaired  health  in  the  parent,  whether 
constitutional  or  acquired,  and  particu- 
larly if  caused  by  imperfect  digestion 
and  assimilation,  is  as  productive  of  a 
tendency  to  scrofula  and  consumption 
in  the  children  as  if  it  had  descended 
by  hereditary  transmission.  If  pa- 
rents in  general  were  duly  impressed 
with  the  truth  and  bearing  of  this 
fact,  many  of  them  might  be  induced, 
on  account  of  their  children,  to  take 
that  rational  care  of  their  own  health 
which  they  seem  to  be  incapable  of 
doing  for  their  own  sake. 

The  last  requisite  for  the  health  of 
the  lungs  which  I  need  mention  here 
is  a  due  supply  of  rich  and  healthy 
blood.    When,  from  defective  food,  or 
impaired  digestion,  the  blood  is  im- 
poverished in  quality,  and  rendered 
unfit  for  adequate  nutrition,  the  lungs 
speedily  suffer,  and  that  often  to  a 
fatal  extent.    So  certain  is  this  fact, 
that,  in  the  lower  animals,  tubercles 
(the  cause  of  incurable  consumption) 
can  be  produced  in  the  lungs  to  almost 
any  extent,  by  ivithholdinff  a  sufficiency 
of  nourishing  food,  and  by  causing  them 
to  breathe  a  vitiated  atmosphere.  The 
same  circumstances  operate  to  a  la- 
mentable extent  among  the  poorly  fed 
pojiulation    of    our  manufacturing 
towns  ;  whereas  it  is  proverbial  that 
butchers — a  class  of  men  who  eat  ani- 
mal food  twice  or  thrice  a  day,  and 
live  much  in  the  open  air — are  almost 
exempt  from  pulmonary  consumption. 
Among  the  higher  classes,  again,  the 
blood  is  impoverished,  and  the  lungs 
are  injured,  not  from  want  of  food, 
but  from  want  of  the  power  of  ade- 
quately digesting  it;  and  hence  we 

t  Annnles  d'llygiene  Publique,  July 
!  1S50,  p.  23. 
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find,  in  every  treatise  on  consunip-  If  it  be  allowed  to  make  jn-ogress  till 
tion,  a  section  devoted  specially  to  consumption  has  commenced,  medicine 
dyspeptic  phthisie,"  as  it  is  called,  or  may  come  armed  with  its  most  power- 
simply  "  consumption  from  bad  diges-  '  ful  remedies,  and  directed  by  the  most 
tion,"  The  late  hours,  heavy  meals,  consummate  skill ;  but  it  will  too  often 
and  deficient  exercise,  which  are  so  '  come  in  vain.  The  rage  which  now 
generally  complained  of,  but  still  so  prevails  for  mere  intellectual  educa- 
regularly  adhered  to  in  society,  are  j  tion,  and  the  utter  neglect  of  the  bo- 
the  chief  sources  of  many  of  these  dily  health,  to  which  it  leads,  is  too 
evils.  often  carried  so  far  as  to  be  a  curse 

The  ultimate  end  of  digestion,  it  rather  than  a  blessing ;  and  till  its 
ought  ever  to  be  remembered,  is  to  i  fury  be  moderated  by  an  increase  of 
prepare  the  vital  fluid  from  which  all  !  good  sense  in  the  parents,  great  mis- 
the  organs  of  the  body  are  formed ;  j  chief  must,  I  fear,  continue  to  ensue, 
and  the  blood  cannot  be  duly  elaborated  I  cannot  conclude  this  chapter  with- 
without  a  free  and  copious  supply  of  out  again  referring  the  reader  to  Sir 
oxygen  being  presented  to  it  in  the  James  ('lark's  work  on  Consumption 
lungs.  In  this  country,  exercise  is  sel-  and  Scrofula,  as  aft'ording,  I  may  al- 
dom  taken  by  the  upper  classes  after  most  say  for  the  first  time,  a  comprc- 
dinner;  and, consequently,  the  product  hensive,  pliilosophical,  and  practical 
of  the  digestion  of  the  piincipal  meal  view  of  the  causes,  nature,  and  treat- 
of  the  day  does  not  receive  the  supply  ment  of  consumption.  The  able  au- 
of  oxygen  requisite  for  its  conversion  thor  has  not,  it  is  true,  greatly  ex- 
into  perfect  blood.  This,  we  believe,  tended  our  power  over  that  fatal  dis- 
is  one  of  the  chief  causes  of  gout,  and  ease  in  its  most  advanced  periods  ; 
other  diseases  dependent  on  imperfect  but  he  has  done  more  to  throw  light 
assimilation;  and  hence  one  of  the  ad-  ;  upon  its  causes,  to  obviate  its  develop- 
vantages  of  an  early  dinner  is  its  allow-  ment,  and  to  arrest  it  in  its  incipient 
ing  time  for  exercise  in  the  open  air,  stages,  than  any  author  with  whose 
after  digestion  has  advanced  a  certain  writings  I  am  acquainted, 
way — in  order  that  the  new  materials 
of  the  blood  may  be  perfectly  assimi- 
lated, and  thus  that  depraved  condi- 
tion of  the  nutritive  material  which 
induces  tubercles  and  other  diseased 
products  may  be  guarded  against. 

Before  quitting  this  important  sub- 
ject, I  may  add  another  word  of  ad- 
vice, in  regard  to  those  who  are  pre- 
disposed to  consumption  or  weakness 
of  the  chest.  As  soon  as  active  growth 
commences,  permanent  benefit  may  be 
derived  from  removal,  for  a  few  years, 
to  a  milder  and  less  variable  climate. 
Many  who  are  sent  abi'oad  only  to  die 
painfully  in  a  foreign  land,  in  the 
noonday  of  life,  might  live  for  years 
in  the  enjoyment  of  health  and  useful- 
ness, were  they  sent  abroad  before  the 
appearance  of  disease,  i  nstead  of  after 
its  unequivocal  commencement.  The 
previous  delicacy,  whence  the  suscep- 
tibility to  colds  and  pulmonary  affec- 
tions arises,  ought  to  attract  the  ear- 
liest attention,  and  excite  the  most 
persevering  efibrts  for  its  removal. 


CIIAPTEIi  XII. 

THE  BRAIN  AND  NKBVES  CONSIIJEKED 
IN  RELATION  TO  THE  REST  OF  THE 
iiODY  AND  TO  THE  MENTAL  F.VCUL- 
TIES. 

The  more  carefully  we  investigate 
the  nature  and  objects  of  the  human 
constitution,  it  becomes  only  the  more 
evident  that  THE  mind,  wliich  feels, 
and  perceives,  and  thinks,  and  directs, 
]  is,  so  to  speak,  the  truly  human  or 
'  characteristic  portion  of  our  being, 
,  and  that  the  whole  corporeal  frame  is 
j  constructed  with  direct  reference  to 
j  its  pi'operties  and  wants ;  or,  in  other 
[  words,  that  sith.-iervience  to  the  purposes 
I  of  the  mind  in  the  fundauiental  principle 
I  nil  whidi  the,  bodily  or'/aui^m  has  been 
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Placed  as  we  are  in  a  material 
Avorld,  acted  upon  at  every  moment  of 
our  lives  by  material  objects,  and  re- 
quiring to  act  upon  them  in  return,  a 
material  organism  is  indispensable  for 
the  operations  of  mind.  Accordingly, 
we  know  mind  only  as  it  exists  and 
acts  during  life  in  combination  with 
the  living  organism,  and  can  no  more 
form  a  conception  of  its  abstract 
qualities  as  disjoined  from  the  body 
than  we  can  of  the  principle  of  gravi- 
tation as  separated  from  matter. 

Palpable  and  undeniable  as  this 
great  truth  is,  and  universally  as  it  is 
admitted  in  the  abstract,  there  is,  and 
always  has  been,  a  strange  tendency 
in  mankind  to  shrink  from  its  con- 
templation as  a  practical  proposition, 
and  fi-om  accepting  its  legitimate  con- 
sequences. Not  remembering  that,  if 
it  be  so,  "  the  thing  is  of  God,"'  and 
therefore  good,  many  have  entertained 
an  apprehension  that  if  the  mind  be 
admitted  to  be  under  the  influence  of 
the  organism  during  life,  its  eternal 
existence  must  be  thereby  rendered 
doubtful.  But  such  a  fear  displays  a 
lamentable  distrust  of  the  omnipotence 
and  wisdom  of  God.  If,  in  the  first 
place,  the  evidence  be  sufficient  to  de- 
monstrate the  fact  that,  during  life, 
the  mind  acts  by  means  of,  and  is  acted 
upon  by,  material  organs,  we  have  no 
f'lioice  but  to  believe  it,  and  to  make 
the  most  of  it  for  our  own  advantage. 
To  shut  our  eyes  to  the  perception  of 
it,  or  our  understandings  to  its  con- 
sequences, cannot  alter  the  reality,  or 
undo  that  which  God  has  seen  right 
to  ordain.  If,  again,  we  reject  the 
fact,  on  the  ground  that  it  implies  the 
impossibility  of  continued  existence 
in  another  world,  our  distrust  becomes 
mixed  up  M-ith  the  grossest  presump- 
tion which  a  fallible  creature  can  shew 
towards  its  infallible  Creator.  Reason 
tells  ua  that  the  future  destiny  of  the 
mind  or  soul  depends  wholly  on  the 
will  or  fiat  of  the  .Vlmightj',  and  not 
in  the  very  least  on  its  own  nature  or 
essence.  Whether  material  or  imma- 
terial, it  is  equally  capable  of  cither 
receiving  or  not  receiving  at  His  hands 
r.n  eternity  of  existence. 
Individually,  therefore,  I  attach  no 


importance  to  this  long-agitated  ques- 
tion, but  rely  with  unshaken  constancy 
on  God  having  given  to  the  human 
being,  in  mind  as  in  body,  that  con- 
stitution which  He  saw  to  be  best  fitted 
to  his  destiny,  whatever  this  may  be. 

As,  then,  every  faculty  or  quality, 
by  which  man  is  distinguished  from 
the  rest  of  the  animal  creation,  is  pos- 
sessed, and  acts,  in  immediate  connec- 
tion with  some  corresponding  pecu- 
liarity of  organization,  it  follows  that 
the  structure  of  the  human  being  must 
be  as  superior  to  that  of  the  lower 
animals  as  the  elevated  qualities  of 
man  arc  to  the  instincts  and  limited 
capacities  of  the  brutes.  To  ascertain 
how  far  this  inference  is  well  founded, 
let  us  shortly  inquire  what  the  quali- 
ties are  by  which  man  is  characterised, 
and  with  what  parts  of  the  organism 
these  qualities  are  more  immediately 
connected. 

For  the  elucidation  of  the  first  point, 
we  have  only  to  reflect  upon  what 
passes  through  the  mind  when  we  wish 
to  form  or  to  communicate  a  correct 
opinion  of  any  historical  personage  or 
private  friend  whose  worth  and  charac- 
ter we  are  anxious  to  see  duly  appre- 
ciated by  others.  Instinctively  we 
fix  at  once  upon  the  qualities  of 
THE  MIND — the  peculiar  combination 
of  affections  and  moral  and  intellectual 
excellencies  which  we  believe  him  to 
possess — as  constituting  the  features 
which  distinguish  him  from  other  men, 
and  give  him  a  claim  to  our  regard. 
Knowing  mind  in  this  world  only  as 
it  exists  in  connection  with  the  living 
organism,  we,  no  doubt,  always  asso- 
ciate these  mental  endowments' Avith 
some  form  of  body  and  peculiarity  of 
features  ;  but  in  the  very  act  of  doing 
so.  we  are  still  perfectly  conscious  that 
it  is  the  stamp  of  mind  imprinted  on 
them  which  constitutes  their  chief  at- 
traction, and  which,  more  than  any 
merely  physical  advantage,  gives  to 
man  his  acknowledged  superiority  over 
the  rest  of  the  animal  kingdom.  Ac- 
cordingly, when  we  warmly  recom- 
mend one  friend  to  another,  we  never 
think  of  saying,  Love  him  because  he 
is  six  feet  high,  or  because  he  has  a 
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Roman  nose,  a  Grecian  mouth,  fine 
eyes,  or  a  well  turned  limb.  Allowing 
all  these  personal  advantages  (which 
in  themselves  are  not  to  be  despised) 
to  make  their  own  impression,  we  in- 
stinctively feel  that  thoy  constitute  a 
very  unstable  foundation  for  esteem 
and  confidence,  and  rest  our  claims  on 
his  intelligence,  prudence,  benevo- 
lence, and  integrity ;  certain  that,  if 
we  succeed  in  establishing  the  intel- 
lectual and  moral  excellence  of  our 
friend,  we  shall  serve  him  far  more 
effectually  than  if  we  could  prove  him 
to  possess  the  grace  and  symmetry  of 
an  x\ polio  or  an  Adonis. 

The  mind  being  thus  the  ruling 
principle  or  power  for  the  use  of  which 
the  whole  bodily  organism  has  been 
designed,  it  follows,  that,  whatever 
injury  the  body  may  sustain  in  other 
respects,  so  long  as  tliose  parts  of  it 
which  minister  directly  to  the  intel- 
lectual and  moral  faculties  remain  en- 
tire and  in  health,  the  human  being 
will  continue  in  undiminislied  posses- 
sion of  all  the  qualities  for  which  we 
really  value  him,  and  by  which  he  is 
distinguished  from  creatures  of  a  lower 
grade.  Thus,  a  person  may  be  born 
without  arms  or  legs,  be  almost  as  in- 
capable of  locomotion,  and  even  more 
incapable  of  supplying  his  own  wants, 
than  the  oyster  within  its  shell,  and 
yet  excel  in  every  moral  and  intel- 
lectual attribute  for  whicli  humanity 
is  prized.  So  also  a  friend  may  lose 
one  or  more  of  his  limbs,  or  his  body 
be  disfigured  by  accident  or  disease ; 
but  while  his  mind  remains,  with  its 
affections  as  warm,  its  moral  feelings 
as  active  and  pure,  and  its  intellectual 
powers  as  vigorous  as  before,  we  re- 
cognise his  identity,  love  him  with  the 
same  ardour,  rely  upon  him  with  the 
same  unfaltering  constancy,  and  rate 
his  worth  as  higlily,  as  when  his  form 
was  distinguished  for  its  symmetry, 
and  every  motion  for  its  gracefulness 
and  ease. — Since  this  remark  was 
written,  a  beautiful  example  of  its 
truth  has  appeared  in  the  nevvspapers, 
under  the  not  inappropriate  title  of  an 
"  Exquisite  Anecdote,  of  Woman's  Affec- 
tion:' It  is  stated  tliat  "Sir  Robert 
Barclay,  who  commanded  the  British 


squadron  in  the  battle  of  Lake  Erie, 
was  fearfully  mutilated  by  the  wounds 
he  received  in  that  action,  having  lost 
his  right  arm  and  one  of  his  legs. 
Previously  to  his  leaving  England,  he 
was  engaged  to  a  young  lady,  to  whom 
he  was  most  tenderly  attached.  Peel- 
ing acutely,  on  his  return,  that  he  was 
a  mere  wreck,  he  sent  a  friend  to  the 
lady,  informing  her  of  his  mutilated 
condition,  and  generously  offering  to 
release  her  from  her  engagement. 
'  Tell  him,'  replied  the  noble  girl, 
'  that  /  vjiU  joiifullij  marry  him,  if  he 
only  has  enough  of  body  left  to  hold  his 
scul  /'  "  The  appositeness  of  this  illus- 
tration is  too  obvious  to  require  any 
comment. 

In  cases  of  disease  it  is  truly  as- 
tonishinrf  how  much  of  animal  exist- 
ence  may  occasionally  be  destroyed, 
leaving  an  intelligent  being  encased, 
as  it  were,  in  a  living  tomb.  Of  such 
cases  the  following  instance  related  by 
M.  Keratry  is  one  of  the  most  remark- 
able on  record.  "  There  is  now  living," 
he  says,  "  in  the  department  of  the 
Isle  and  Vilaine,  a  person  who,  having 
been  blind  for  ten  years,  lost  also  the 
sense  of  hearing,  and  in  a  little  time 
afterwards  became  almost  universally 
paralytic.  He  v.'as  entirely  deprived 
of  th(;  use  of  his  arms,  legs,  thighs,  and 
of  the  whole  exterior  surface  of  the 
body,  with  the  exception  of  a  part  of 
the  face ;  but  the  power  of  speech,  and 
the  functions  of  respiration,  circula- 
tion, and  digestion  remained.  Under 
these  deplorable  circumstances  he  is 
not  wholly  without  consolation  ;  for  a 
sort  of  intercourse  is  preserved  with 
his  family  and  friends,  by  means  of 
characters  traced  on  that  part  which 
still  retains  its  sensibility,  and  in  this 
state  of  unexampled  misery  he  retains, 
in  some  degree,  the  distinguishing 
character  of  man — intelligence.'  * 

If,  then,  the  mind  be  the  directing 
power  for  the  use  of  which  the  bodily 
organism  was  originally  designed  by 
the  omniscient  Creator,  und  if  the 
limbs,  which  act  as  the  executors  of 
its  will,  may  be  removed  or  rendered 

•  l)r  Cooke  on  V:\\sy,  as  quoted  by  Dr 
Gr.avos,  Clin.  Lect.,  vol.  i.,  p.  SOD. 
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incapable  of  action,  and  yet  the  powers 
and  capacities  of  the  mind  itself  re- 
main unimpaired,  it  necessarily  fol- 
lows that  these  parts  cannot  be  di- 
rectly essential  to  its  integrity,  and 
that  for  the  various  purposes  of  per- 
ception, thought,  and  feeling,  the  mind 
must  be  in  immediate  connection  with 
some  other  portion  of  the  body,  which 
not  only  remains  entire  amidst  so 
much  destruction,  but  also  must  be  so 
placed  and  so  constituted  as  to  main- 
tain a  communication  with,  and  ex- 
ercise an  influence  upon,  all  other 
parts  of  the  body.  Such  accordingly 
is  the  fact,  and  by  universal  consent 
THE  BRAIN  is  now  admitted  to  be 
the  immediate  organ  of  the  mind — 
the  seat  of  emotion,  perception,  and 
thought ;  and  the  nerves  which  connect 
it  with  the  rest  of  the  body  are  ascer- 
tained to  be  the  means  by  which  it 
maintains  its  communication  with  the 
external  world,  and  exei-cises  an  in- 
fluence over  all  the  other  functions. 
Hence  the  deep  interest  which  attaches 
to  the  study  of  the  nervous  system,  and 
which  renders  an  accurate  acquaint- 
ance with  its  functions  and  laws  of 
action  so  useful  to  every  one  engaged 
in  the  great  work  of  human  im2)rove- 
ment. 

To  many  of  my  readers  it  may  seem 
needless  to  enforce,  at  so  much  length, 
a  proposition  wliich.  in  its  abstract 
form,  nobody  thinks  of  denying  ;  but 
unfortunately,  there  is  a  vital  differ- 
ence between  admittin<j  theoretically 
that  the  mental  powers  cannot  act 
during  life  except  through  the  me- 
dium of  their  appropriate  organs, 
and  adojttinij  the  same  great  truth  as 
a  ■practical  principle,  to  be  applied  in 
the  daily  conduct  of  life,  and  in  the 
education  and  general  treatment  of 
the  young.  Turn  where  we  will,  to 
the  best  authors  on  education,  to  the 
most  highly  gifted  and  experienced 
of  our  physicians  and  teachers,  and 
to  the  purest  and  most  sincere  among 
the  moral  and  religious  guides  of  the 
young,  we  find  (with  a  few  honour- 
able exceptions)  each  and  all  of  them 
thinking  and  acting  as  if  the  minds 
under  their  charge  were,  even  in  this 
life,  abstract  and  separate  entities,  en- 


tirely independent  of  the  influence  of 
the  body.  They  study  the  mind  and  try 
to  discover  its  laws,  altogether  with- 
out regard  to  the  properties  of  the 
living  organism  with  which  God  has 
connected  it.  In  so  doing  they  pro- 
ceed much  in  the  same  way  as  if,  in 
phj'sics,  we  were  to  investigate  the 
nature  and  laws  of  caloric,  without 
paying  any  regard  to  the  pi'opertics 
and  modifying  influence  of  the  bodies 
in  combination  with  which  alone 
caloric  can  come  under  the  cognizance 
of  our  senses  ;  and  yet  we  are  daily 
surrounded  by  the  most  conclusive 
and  even  startling  evidence  that  the 
mental  functions  are  as  immediately 
affected  by  the  condition  of  the  organs 
which  execute  them,  as  the  action  of 
caloric  is  by  the  properties  of  the  ob- 
jects with  which  it  is  combined. 

If,  then,  -we  really  wish  to  obtain 
consistent  and  useful  results  in  the 
investigation  of  mind,  this  is  not  the 
way  in  which  we  ought  to  proceed. 
As  we  cannot  alter  the  constitution 
which  God  has  given  us,  it  behoves 
us  to  study  its  nature  and  laws  as  He 
has  presented  it  to  us,  combined  with 
and  influenced  by  a  living  organism, 
— in  short,  to  follow  the  same  course 
which  has  been  so  successfully  pur- 
sued in  our  researches  into  other  de- 
partments of  science.  It  is  long  since 
Bacon  demonstrated  that  the  inductive 
method  of  inquiry  is  the  only  one 
which  can  avail  us ;  and  since  mere 
speculation  on  mind  has  been  tried 
for  two  thousand  years,  and  tried  in 
vain,  why  should  we  be  longer  deter- 
red from  entering  upon  the  only  path 
which  can  lead  to  success  in  the  in- 
vestigation of  mental,  as  well  as  of 
pihysical  nature  ? 

In  inquiring  into  the  mutual  rela- 
tions of  the  mind  and  body,  the  great 
leading  fact  which  ought  never  to  be 
lost  sight  of  is,  that  one  part  of  the 
organism — namely,  the  hrain — is  di- 
rectly appropriated  to  what  may  be 
called  the  central  or  internal  opera- 
tions of  mind,  such  as  perception, 
emotion,  thought,  and  judgment ;  and 
that  other  parts — the  muscles  and 
bones,  or  organs  of  voluntary  motion 
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— are  appropriated  to  what  may  be 
called  its  external  operations,  viz., 
executing  externally  the  commands 
of  the  will.  Palpable  as  the  distinc- 
tion between  these  two  classes  of 
operations  is,  it  has,  strange  to  say, 
been  often  overlooked  ;  and  hence 
certain  philosoiihers  have  gravely  con- 
tended that  man  owes  all  his  mental 
superiority  to  the  perfection  of  his 
hands.  The  propounders  of  this  most 
untenable  doctrine  overlook  the  fact, 
that  the  hands  are  useful  only  in  pro- 
portion to  the  intelligence  and  skill 
of  the  mind  which  directs  them,  and 
that  the  well- formed  hands  of  an  idiot 
are  of  no  advantage  to  him,  and  im- 
part to  him  none  of  the  mental  power 
of  which  ho  stands  so  much  in  need. 
Accordingly,  the  more  carefully  we 
inquire,  the  more  certain  will  it  ap- 
pear that  it  is  not  by  any  perfection 
of  the  merely  secondary  instruments 
of  voluntary  motion,  but  by  the  su- 
periority of  mind  in  concomitance 
with  superiority  of  brain,  that  man  is 
distinguished  from  all  other  animals. 
It  is  the  mind  which  is  the  truly 
human  portion  of  our  being ;  and  in 
man  the  mind  is  conjoined  with  a 
more  perfect  and  complicated  brain 
than  we  discover  in  other  animals, 
simply  because  he  is  remarkable  above 
them  all  for  the  variety  and  extent  of 
j  the  faculties  with  which  he  is  endowed. 
It  is  true  that  he  possesses  executive 
instruments,  also  far  superior  to  those 
of  other  creatures ;  but  it  is  not  to 
these  he  owes  his  high  position  in  the 
scale  of  creation.  They  are  given 
him  only  to  place  him  in  harmony 
with  his  own  elevated  mind;  and  if 
the  instruments  which  it  employs  to 
effect  its  purposes  were  not  perfect  in 
proportion,  he  would  be  constantly 
fretting  under  the  conception  of  plans 
and  designs  which  he  had  not  the 
means  of  either  fulfilling  or  com- 
municating— and  this  would  form  a 
singular  exception  to  the  wisdom  and 
benevolence  displayed  in  all  the  other 
works  of  God. 

The  same  subservience  of  the  organ- 
ism to  the  capacities  and  instincts  is 
observable  throughout  the  whole  ani- 
mal kingdom.    In  proportion  as  the 


intelligence  of  an  animal  is  limited 
and  its  instincts  are  few,  its  brain  is 
observed  to  be  simple  and  rude,  and 
its  executive  instruments  correspond- 
ingly few  and  imperfect.  The  brain 
and  the  four  logs  and  cloven  feet  of 
the  sheep,  for  exanijjle,  are  in  exact 
accordance  with  its  limited  faculties 
and  desires ;  whereas,  hud  they  been 
joined  to  reasoning  powers  and  moral 
sentiments  like  man's,  what  a  miser- 
able incongruity  would  have  been  the 
result !  Or  even  supposing  the  form 
of  the  sheep  to  have  been  conferred 
upon  a  creature  possessing  the  brain 
and  ferocious  impulses  of  the  tiger, 
speedy  destruction  must  have  been 
its  inevitable  end.  In  like  manner, 
if  the  towering  instincts  of  the  eagle 
had  been  united  to  the  long  legs  and 
small  wings  of  the  ostrich,  how  utterly 
incongruous  would  the  gift  have  been ! 
Throughout  the  whole  animal  crea- 
tion, accordingly,  Me  find  the  hodilu 
structure  invariably  fashioned  accord- 
ing to  the  instincts  and  kind  of  intelli- 
gence with  which  each  sijecies  is  en- 
dowed. If  the  antelope  bounds  over 
the  plain  with  the  speed  of  a  race- 
horse, it  is  not  merely  because  it  has 
long  legs ;  but  it  has  long  legs  and 
great  activity  to  enable  it  to  obey  and 
live  in  harmony  with  its  own  natural 
instincts.  If  along  with  its  present 
form  and  activity  it  had  possessed  the 
instincts  of  the  sloth,  and  been  doomed 
to  remain  upon  a  single  tree  till  it 
had  eaten  up  all  the  leaves,  it  would 
have  been  the  most  miserable  of  ani- 
mals ;  and  again,  if  the  sloth,  with 
its  present  form,  were  suddenly  en- 
dowed with  the  instincts  of  the  ante- 
lope, and  impelled  to  scour  the  plain 
in  search  of  food,  it  also  would  be 
a  most  wretched  creature,  because  its 
claws  and  limbs  are  fashioned  for 
climbing  and  holding  fast,  and  not  at 
all  for  running.  Or,  to  pursue  the 
parallel  to  an  extreme,  if  the  oyster, 
which  has  neither  legs  nor  arms,  be- 
cause it  has  no  sphere  of  action  be- 
yond its  shell,  and  no  faculties  im- 
pelling it  to  change  its  place,  were 
to  become  endowed  with  a  human 
mind  and  feelings,  in  what  a  condi- 
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tion  would  it  be  placed  !  and  on  the 
other  hand,  if  the  human  body  were 
animated  only  by  the  instincts  of  an 
oyster,  what  would  become  of  all  its 
admirable  and  complicated  mechan- 
ism, and  of  the  happiness  of  man  ? 

Having  thus  shewn  that  mibser- 
vience  to  the  pui-poses  of  the  mind  is 
the  fundamental  principle  on  which 
the  bodily  organism  has  been  designed 
and  constructed,  I  shall  add  a  few  re- 
marks concerning  the  only  remaining 
group  of  organs  required  to  complete 
the  animal  frame,  and  which  are  but 
mcZiVccfZf/ essential  to  the  mental  func- 
tions— I  allude   to   those  by  which 
nutrition  is  carried  on,  and  the  life 
of  the  whole  body  sustained.    In  one 
respect,  these  stand  in  much  the  same 
relation  to  the  immediate  organs  of 
the  mind  that  the  steam  in  a  steam- 
engine  does  to  tlie  executive  machi- 
nery.    The   spinning-jenny   is  the 
direct  producer  of  the  thread  ;  but 
without  the  essential  though  indirect 
aid  of  the  steam  to  keep  it  in  action, 
it  would  be  utterly  unavailing  for 
any  useful  purpose.    In  like  manner 
the  brain  is  the  immediate  source  of 
emotion  and  thought,  but  without  the 
organs  of  nutrition  to  sustain  it  in 
life  and  activity,  it  would  speedily 
become  an  inert  and  useless  encum- 
brance. 

This  dependence   of  the  nervous 
system  on  nutrition  is  capable  of  direct 
proof.    The  medulla  oblongata,  which 
as  we  have  seen  (pp.  113,  160),  is  the 
nervous  centre  of  respiration,  receives 
its  supply  of  blood  through  the  verte 
bral  arteries.    When  these  are  com 
pressed,  as  was  done  by  Sir  Astley 
Cooper  in  his  experiments  on  rabbits, 
respiration  is  almost  instp.ntaneously 
suspended :  but,  on  removal  of  the 
pressure,  if  not  too  long  continued,  the 
animal  makes  a  convulsive  inspiration, 
and  gradually  recovers. 

In  accordance  with  this  special  dif- 
fei-ence  of  purpose,  these  two  groups 
of  functions  are  appropriately  enough 
termed  the  animal  and  the  organic 
functions;  because,  while  sensation 
emotion,  and  thought,  are  peculiar  to 
animals,  nutrition  and  life  are  common 


to  both  animals  and  vegetables — 
whence,  indeed,  the  latter  are  also  not 
unfrequently  tei-med  the  vegetative 
functions.  So  very  distinct  are  they 
in  nature,  that  even  in  man  the  organic 
functions  may  continue  after  all  thought 
and  consciousness  are  destroyed. 

From    this   general   analysis,  the 
eader  will  now  be  aware  tliat  the 
human  body  includes  the  following 
distinct  groups  of  organs,  each  charged 
with  its  own  special  functions: — \st, 
the  great  nervous  centres,  i.e.  the  brain 
and  spinal  cord;  2dly,  the  organs  of 
the  five  senses,  including  the  peripheral 
expansion  of  the  nervous  system,  by 
means  of  which  all  external  impres- 
sions are  received ;  Sd/v,  tlie  apparatus 
of  motion  for  executing  the  behests 
of  the  mind ;  and  Atldy,  tlie  organs  for 
the  nutrition  of  the  body,  namely, 
those  of   digestion,  circulation,  and 
respiration.    The  first  three  constitute 
the  organs  of  the  animal  functions,  the 
fourth  (togetlier  with  the  reproductive 
apjiaratus)  those  of  the  organic  or  vege- 
tative functions ;  and  this  division  is,  so 
far,  appropriate,  inasmuch  as  the  vege- 
tative functions  are  carried  on  inde- 
pendently of  the  will,  and  in  a  great 
measure  without  our  consciousness. 
But  it  must  not  thence  be  inferred  that 
they  are  independent  of  nervous  in- 
fluence ;  on  the  contrary,  we  shall  see 
as  we  proceed,  that  every  function  of  the 
body  is  more  or  less  under  its  control. 

The  nervous  system  is  extremely 
complex,  both  in  structure  and  func- 
tion ;  but  it  may  be  described  in  a 
general  way  as  central  masses  and 
peripheral  expansions  of  nervous  mat- 
ter, linked  together  by  connecting 
cords  called  nerves. 

The  principal  nervous  centres  are 
the  brain  and  spinal  cord,  which  are 
frequently  described  under  the  com- 
mon title  of  the  cerebrospinal  axis. 
But  both  the  brain  and  spinal  cord  are 
compound  organs,  consisting  of  con- 
geries of  ganglia,  or  foci  for  the  gene- 
ration of  distinct  nervous  influences, 
each  of  which  is  charged  with  its  own 
particular  functions.  Thus,  the  brain  is 
the  organ  of  the  various  intellectual  and 
emotional  faculties,  and  of  conscious- 
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nsss  and  volition;  while  the  spinal 
cord  is  the  organ  of  the  automatic 
functions  which  do  not  require  con- 
sciousness or  volition,  and  also  the 
instrument  by  which  the  mandates  of 
the  wiU  are  transmitted  to  the  mus- 
cles. 

On  examining  a  section  of  any 
nervous  centre  we  find  it  to  be  com- 
posed of  two  distinct  kinds  of  nervous 
matter,  which,  from  their  appearance, 
are  genei-ally  described  as  the  greij 
and  the  white  substances.  Under  the 
microscope  the  former  is  seen  to  con- 
sist principally  of  minute  vesicular  or 
cellular  bodies,  and  the  latter  of  fine 
tubules  or  fibres ;  and  hence,  in  the 
language  of  modern  physiology,  they 
are  commonly  designated  the  vesicular 
or  cellular,  and  the  fibrous,  nervous 
substances. 

These  two  substances  are  subservient 
to  very  dilFerent  purposes — the  former 
being  the  generator,  the. latter  the  con- 
ductor of  the  nervous  influence.  The 
cellular  matter  is  the  characteristic 
'  I      feature  of  a  nervous  centre ;  whei-- 
ever  it  is  found,  there  nervous  force 
originates — and  the  amount  of  force 
developed  is  commensurate  with  the 
quantity  of  cellular   matter.  The 
fibrous  or  white  matter  links  the  va- 
rious scattered  masses  of  grey  cellular 
matter  together,  brings  them  into  inti- 
mate communication  with  each  other, 
and  forms  with  them  those  wonderful 
complex  organs,  the  brain  and  spinal 
cord.    We  see,  then,  that  cellular  mat- 
ter is  the  source  of  all  nervous  power ; 
but  physiologists  have  not  yet  attained 
the  remotest  idea  on  what  it  depends 
that  different   varieties  of  nervous 
power  issue  from  dififerent  collections 
of  cellular  matter ;  how  it  is,  for  ex- 
ample, that  intellectual  power  is  con- 
nected with  the  cellular  matter  of  the 
anterior  lobe  of  the  brain,  and  respira- 
tory power  with  that  of  the  medulla 
oblongata. 

The  recent  investigations  of  Pi'ofes- 
sor  Kblliker  of  Wiirzhurg,  however, 
by  shewing  that  the  nervous  cells  diflFer 
in  diflFerent  partsof  the  nervous  centres, 
seem  to  throw  a  gleam  of  light  even 
upon  this  obscure  department  of  phy- 
siology, and  to  point  the  way  to  a  new 


epoch  in  the  history  of  our  knowledge 
of  the  nervous  system.*  If,  with  im- 
proved methods  of  investigation,  phy- 
siologists sliall  discover  that  one  kind 
of  cell  is  chai-acteristic  of  a  centre  of 
motion,  and  another  kind  of  a  centre 
of  sensation — that  one  kind  occurs  in- 
variably in  the  anterior  lobes,  and  an- 
other in  the  posterior  lobes  of  the  brain 
— we  shall  obviously  obtain  a  new 
powei',  which  will  not  only  establish 
on  a  firm  basis  the  knowledge  already 
possessed,  but  probably  lead  to  disco- 
veries which  hitherto  have  hardly  been 
hoped  for. 

In  addition  to  the  great  nervous 
centres,  or  brain  and  spinal  cord,  we 
find  a  number  of  small  nervous  cen- 
tres in  difl'erent  parts  of  the  body, 
but  principally  in  the  thorax  and  ab- 
domen. These  bodies,  called  the  gan- 
fflia  of  the  sympathetic  system,  are  about 
the  size  of  peas  or  beans,  and  are  gene- 
rally" supposed  to  be  connected  with 
the  functions  of  nutrition.  We  shall 
return  to  their  consideration  in  a  sub- 
sequent chapter,  and  in  the  mean  time 
confine  our  attention  to  the  nervous 
centres  which  compose  the  brain  and 
spinal  cord. 

It  has  already  been  observed  that 
the  existing  knowledge  of  the  nervous 
system  is  very  far  from  being  com- 
plete.   The  nervous  system  is  known 
to  be  composed  of  a  congeries  of  dis- 
tinct ganglia,  each  having  its  peculiar 
function;  but,  as  just  mentioned,  we  are 
as  yet  totally  ignorant  on  what  variety 
of  structure  this  difference  of  function 
depends.  Nor,  with  the  exception  per- 
haps of  the  nervous  centre  of  respira- 
tion, can  we  mark  the  limits  of  any 
particular  ganglion,  or  shew  that  cer- 
tain functions  are  strictly  confined  to 
certain  portions  of  nervous  substance. 
Accordingly,  gi-eat  uncertainty  still 
prevails  as  to  the  functions  of  certain 
parts  of  the  brain.  But  it  would  be  en- 
tirely foreign  to  our  present  purpose  to 
enter  upon  a  discussion  of  the  various 
theories  that  have  from  time  to  time 
been  brought  forward  respecting  them, 
and  indeed  we  could  not  do  so  without 
premising  a  variety  of  anatomical  and 

Mikroskopische  Anatomie.  Leipzig,  1850. 


228  THE  BRAIN 


physiological  details,  which  Avould  per- 
plex rather  than  instruct  the  general 
reader.  At  the  same  time,  it  is  highly 
desirable  that  some  notion  should  be 
formed  of  the  wonderful  mechanism  of 
the  great  centres  of  the  nervous  system, 
— structures  which  appear  more  and 
more  wonderful  the  longer  they  are 
contemplated.  Indeed  no  study  is 
capable  of  conveying  a  higher  idea  of 
the  surpassing  wisdom  of  the  Creator. 
Of  all  the  other  functions  of  the  body 
we  shall  possibly,  in  the  course  of 
time,  acquire  a  thorough  comprehen- 
sion. We  can,  without  any  great 
stretch  of  imagination,  follow  the  con- 
version of  the  food  into  the  tissues  of 
the  body,  and  conceive  the  transfor- 
mation of  these  again  into  the  various 
excretions.  We  can  form  a  plausible 
theory  of  the  origin  of  the  animal  heat, 
and  of  the  use  of  tlie  perspiration  in 
regulating  it ;  but  we  become  lost  in 
wonder  wiien  attempting  to  penetrate 
the  mysteries  of  the  functions  of  the 
nervous  system.  We  cannot  conceive, 
even  in  the  remotest  manner,  in  Avhat 
way  the  brain — a  compound  of  water, 
albumen,  fat,  and  phosphate  salts — 
operates  in  the  generating  of  thought, 
accumulating  of  knowledge,  and  stor- 
ing of  it  up  as  in  a  granary  to  be  pro- 
duced again  at  will,  perhaps  scores  of 
years  after  the  time  of  its  acqui- 
sition. How  is  it  that  a  slight  de- 
gree of  pressure  on  this  organ  can 
in  a  moment  obliterate  the  slowly 
acquired  knowledge  of  a  lifetime,  and 
straightway  convert  the  man  of  mighty 
genius  into  a  drivelling  idiot  ?  We 
cannot  tell ;  v/e  simply  know  the  fact, 
and  bow  in  humility  and  adoration 
before  the  great  Eeing,  by  whom  we 
have  been  so  wonderfully  and  fearfully 
made.  Observation  and  experience 
teach  us  that  on  the  brain  depends  our 
power  to  think  and  will — to  hear,  to 
see,  to  taste,  to  smell — in  short,  our 
consciousness ;  and  that  without  it  no 
conscious  existence  is  ever  found.  It 
is  the  organ  of  the  mind — the  endow- 
ment by  which  we  are  raised  to  the 
position  of  moral,  intellectual,  and 
responsible  beings. 

Such,  then,  being  the  important 
functions  of  the  brain,  it  becomes  a 
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matter  of  the  most  vital  importance  to 
the  corporeal  and  mental  wellbeing  of 
man,  that  this  instrument  should  be 
preserved  in  the  highest  state  of  effi- 
ciency and  health  ;  which  can  be  ac- 
complished only  through  strict  obser- 
vance of  those  physiological  laws  to 
which  his  body  has  been  subjected. 
For  this  purpose  some  general  know- 
ledge of  the  anatomy  and  physiology 
of  the  great  nervous  centres  will  prove 
highly  useful ;  and  this  we  shall  now 
endeavour  to  give — avoiding,  for  tlie 
reasons  already  stated,  as  much  as  pos- 
sible all  technical  details. 

The  BRAIN,  in  the  widest  significa- 
tion of  the  word,  is  that  large  organised 
mass  which,  along  with  its  enveloping 
membranes,  completely  fills  the  cavity 
of  the  skull.  Its  structure  is  so  com- 
plicated that  less  is  known  of  it  than 
of  that  of  almost  any  other  organ,  as 
hitherto  it  has  baffled  the  skill  and 
perseverance  of  our  most  patient  in- 
vestigators. The  cause  of  this  igno- 
rance is  partly  the  minuteness  of  the 
differences  which  give  distinct  func- 
tions to  different  nervous  regions,  and 
partly  the  peculiar  nature  of  the 
nervous  force.  Thus,  while  the  liver, 
the  kidneys,  and  the  various  other 
glands,  secrete  material  products 
which  are  palpable  to  our  senses,  and 
capable  of  being  submitted  to  physi- 
cal tests,  thereby  giving  us  certain 
evident  data  for  the  comparison  of 
their  structure  with  their  functions, 
we  are  left  totally  without  such  assist- 
ance in  the  study  of  the  brain.  The 
mental  operations  are  imperceptible  ; 
we  have  no  means  of  physically  recog- 
nising their  existence — and  hence  we 
cannot  bring  structure  and  function 
into  the  same  juxtaposition  as  where 
the  product  is  sensible.  It  would 
therefoi-e  be  entirely  out  of  place  to 
attempt  to  describe  the  brain  here,  far- 
ther  than  by  stating  generally  its  prin- 
cipal divisions.  On  sawing  off  the 
upper  half  of  the  skull  horizontally, 
andremoving  the  firm  toughmembraue 
called  the  dura  mater,  which  adheres 
closely  to  its  inner  or  concave  surface, 
the  cerebrum  or  brain  proper  presents 
itself,  marked  on  the  surface  with  a 
great  variety  of  undulating  windings 


APPENDAGES  OF  THE  BRAIN. 


229 


or  convolutions,  and  extending  from 
the  fore  to  the  back  part  of  the  liead, 
somewhat  in  the  form  of  an  ellipse. 
In  fig.  17,  the  convolutions  are  repre- 
sented as  seen  on  the  upper  surface  of 
the  brain. 

In  the  middle  line  from  A  to  B, 
there  is  a  deep  cleft  separating  the 
brain,  in  its  whole  length,  into  two 
halves  or  hemispheres.  Into  this  cleft 
dips  a  tight  stitf  membrane,  resembling 


j  a  scythe  in  shape,  and  hence  called  the 
I  falx  (scythe),  or  sometimes,  from  its 
being  a  mere  fold  of  the  dura  mater, 
the  falciform  (sci/thc-likc)  jn-ocess  of  the 
dura  mater.  From  its  dipping  down 
between  the  two  halves  of  the  brain, 
the  chief  purpose  of  this  membrane 
seems  to  be,  to  relieve  the  one  side 
from  the  pressure  of  the  other,  when 
the  head  is  reclining  to  either  side. 
Each  half  or  hemisplierc  of  the  brain 


Fig.  17. 


is,  in  its  turn,  divided  into  three  por- 
tions, called,  from  their  situations,  the 
anterior,  middle,  and  posterior  lobes, 
each  occupying  nearly  a  third  of  the 
■whole  length  of  the  brain.  These 
divisions  are  manifest  only  on  the 
under  surface  of  the  brain,  and  in  fig. 
18  thej'^  are  pointed  out  by  the  lines 
E  E  and  P  F.  In  their  natural  situa- 
tion, the  anterior  lobe,  Ij'ing  above  the 
dotted  line  E  ¥j,  occupies  the  forehead; 
the  midiUe  lobe,  or  that  portion  lying 
between  the  two  transverse  lines  E  E 
and  F  F,  is  situated  above  and  a  little 
in  front  of  the  ears;  and  the  posterior 
lobe,  Ij'ing  below  the  transverse  line 
F  F,  corresponds  to  the  back  part  of 
the  head. 

Beneath  the  posterior  lobe,  a  strong 
fold  of  the  dura  mater,  called  the  ten- 


torium, is  extended  horizontally  to 
support  it  and  separate  it  from  the 
cerebellum  or  little  brain  A  A,  lying 
below  it,  which  forms  the  second  great 
division  of  the  contents  of  the  skull. 
The  surface  of  the  cerebellum  is  mark- 
ed by  convolutions,  differing,  however, 
in  size  and  appearance  from  those  ob- 
served in  the  cerebrum. 

Adhering  to  the  surface  of  the  con- 
volutions, and  consequently  dipping 
down  into  and  lining  the  sulci  or  fur- 
rows between  them,  another  membrane 
of  a  finer  texture  and  greater  vascu- 
larity, called  tlie  pia  mctter,  is  found. 
The  blood-vessels  going  to  the  brain 
branch  out  so  extensively  on  the  pia 
mater,  that,  when  a  little  inflamed,  it 
seems  to  constitute  a  perfect  vascular 
net- work.    This  minute  subdivision  is 
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probably  of  use  in  preventing  tlie 
blood  fi-om  being  impelled  with  too 
great  force  against  tlie  delicate  tissue 
of  tlie  organ. 

A  third  covering,  called  the  aracli- 
noid  membrane,  from  its  fineness  re- 
sembling that  of  a  spider's  web,  is  in- 

Fig. 


c 


they  are  also  different,  but  preserve 
the  same  general  aspect.  Thus,  they 
are  always  small  and  numerous  in  the 
anterior  lobe,  larger  and  deeper  in 
the  middle,  and  still  larger  in  the 
posterior.  The  depth  to  which  they 
penetrate  may  be  judged  of  from  their 
appearance  in  fig.  19,  representing  a 
vertical  section  of  the  brain. 

But  besides  the  cerebrum  and  cere- 
bellum certain  other  nervous  struc- 
tures are  contained  in  the  skull,  and 
form  part  of  what  is  generally  deno- 
minated the  brain.  These  are,  first, 
the  medulla  oblongata  (fig.  18,  C  ;  and 
fig.  ]  9,  e  e  c),  which  is  the  name  be- 
stowed upon  the  upper  portion  of  tlie 
spinal  cord,  and  which  extends  up- 
wards from  the  point  where  it  enters 
the  cranium  (fig.  19,  47),  till  it  passes 
into  the  crura  of  the  cerebrum  (fj), 
being  latterly  covered  by  the  Pona 
Varolii  or  mesocephak  (fig.  18,  D,  and 


terposed  between  the  other  two,  and 
is  frequently  the  seat  of  disease. 

On  examining  the  convolutions  in 
different  brains,  they  are  found  to 
vary  a  good  deal  in  number,  size, 
depth,  and  general  appearance.  In 
the  various  regions  of  the  same  brain 

18. 


fig.  19,  b),  which,  as  wo  shall  pre- 
sently see,  maj'  be  reckoned  as  part 
of  the  cerebellum.  Between  the  crura 
of  the  cerebrum,  which  may  be 
reckoned  as  the  continuation  of  the 
medulla  oblongata,  and  the  cerebrum 
itself,  lie  various  ganglionic  bodies 
containing  both  cellular  and  fibrous 
matter  (fig.  19,  34,  35,  37),  the  prin- 
cipal of  which  are  the  corpora  quad- 
riijemina,  the  optic  thalami,  and  the 
striated  bodies.  These  various  struc-  | 
tures,  besides  serving  as  the  means  of  ] 
communication  between  the  cerebrum 
and  spinal  cord,  are  themselves  inde- 
pendent nervous  centres  from  which 
emanate  peculiar  nervous  powers,  and 
which,  for  the  sake  of  simplicity,  we 
shall  comprehend  under  the  common 
term  of  the  Cephalic  Ganglia. 

The  remaining  part  of  the  nervous 
centres  is  the  spinal  cord,  which  is  the 
continuation  of  the  medulla  oblongata 
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downwards,  and  the  means  of  coni- 
niimication  between  the  brain  and 
most  of  the  nerves  of  the  body. 

These  various  divisions  of  the  ner- 
vous system  pass  gradually  into  each 


other,  and  in  the  adult  present  no 
well-defined  line  of  demarcation.  In 
some  of  the  lower  animals,  however, 
and  in  the  human  embryo,  the  limits 
of  each   division   are  more  clearly 


Fig.  19. 


marked;  and  as  it  is  of  importance 
that  their  mutual  relations  should  be 
well  understood,  we  have  endeavoured, 
in  the  following  diagram  (fig.  20),  to 
give  a  general  idea  of  their  relative 
position  and  extent. 

In  that  diagram,  E  marks  the  pos- 
terior superior  portion  of  the  spinal 
cord,  whicli  gradually  increasing  in 
thickness,  passes  insensibly  into  the 
medulla  oblongata  D,  which  may  be 
described  as  a  continuation  of  the  spinal 
cord  with  more  complicated  functions. 
It  extends  under  the  cerebellum  B,  to 
bo  continued  into  the  cephalic  ganglia 
C,  and  in  its  course  is  intimately  con- 
nected with  the  fibres  of  the  pons  Va- 
rolii, which  is  here  hidden  by  the 
cerebellum.  The  pons  Varolii  and 
cerebellum  may  be  rudely  compared 
to  a  ring — the  cerebellum  represent- 
ing the  stone,  and  the  pons  the  hoop ; 
while  the  medulla  oblongata  may  be 


likened  to  the  finger.  Before  enter- 
ing the  ring,  however,  the  medulla 
oblongata  gives  off  numerous  fibres 
which  communicate  with  the  cerebel- 
lum (fig.  19,  <;),  and  in  its  passage 
through  the  ring  its  longitudinal  fibres 
and  tlie  transverse  fibres  of  the  pons, 
enter  into  the  most  intimate  connec- 
tion. 

The  hemispheres  A  A  (fig.2d)are  sup- 
jiosed  to  be  partially  removed,  and  are 
represented  as  separated  from  each 
other  and  turned  outwards  so  as  to 
shew  the  deeper-lying  structures.  As 
here  seen,  the  hemispheres  constitute 
by  far  the  largest  of  these  divi- 
sions; but  such  is  not  the  case  in 
the  earliest  stages  of  foetal  develop- 
ment, where  the  spinal  cord,  medulla 
oblongata,  and  cephalic  ganglia,  are 
first  formed.  The  cerebrum  and  cere- 
bellum are  later  formations  gradually 
sprouting  out  from  the  cephalic  gan- 
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glia  and  medulla  oblongata.  On  their 
first  appearance  the  hemispheres  con- 
sist of  small  bags  of  nervous  matter 
filled  with  water,  which  is  gradually 
absorbed,  and  its  place  occupied  by 


additional  nervous  matter,  which  is 
deposited  as  development  proceeds.  It 
sometimes  happens,  however,  that  the 
development  of  the  brain  is  arrest- 
ed, and  that  infants,  in  other  respects 


Fig.  20. 


perfect,  are  born  without  the  cere- 
brum and  cerebellum.  This  fact  is  of 
physiological  importance,  since  it 
shews  that  the  nutrition  of  the  body 
is  not  directly  connected  with  the 
presence  of  these  organs ;  and,  as 
such  infants  cry  lustily,  and  readily 
take  the  breast,  it  shews  moreover 
that  these  actions  must  be  dependent 
on  some  other  part  of  the  nervous 
centres.^  The  convolutions  on  the  sur- 
face of  the  cerebrum  do  not  exist  in 
the  first  months  of  develoi^ment ;  they 
are  gradually  formed  as  the  water  is 
absorbed,  but  in  certain  diseased  states, 
as  that  of  chronic  hydrocephalus, 
where  the  liead  occasionally  acquires 
an  enormous  size,  the  nervous  bags 
continue  distended,  and  no  convolu- 
tions are  formed.  The  convolutions 
seem  therefore  to  be  a  provision  for 

*  For  details  of  such  cases,  sec  Memoirs 
of  the  Nervous  System,  by  Dr  Marshall 
Hall,  p.  16.    London,  1837. 


increasing  the  surface  of  the  vesicular 
layer  or  gray  matter,  without  a  coi'- 
responding  increase  of  the  size  of  the 
cranium.  The  ventricles  or  cavities 
which  exist  in  the  normal  adult  brain, 
are  the  remains  of  the  embryonic  ner- 
vous sacs. 

Considered  as  a  whole,  the  nervous 
system  falls,  as  we  have  said,  into  two 
great  divisions — that  of  animal  and 
conscious  life,  and  that  of  organic  and 
automatic  life.  The  latter  constitutes 
the  mechanism  which,  so  far  as  it 
can  be  safely  allowed,  is  under  the 
control  or  command  of  the  former. 

In  fig.  21,  which  represents  a  ver- 
tical section  of  the  brain,  it  will  be  re- 
marked that  all  the  nerves  issue  from 
the  cephalic  ganglia  C,  the  medulla 
oblongata  D,  or  the  spinal  cord  E. 
They  have  no  immediate  connection 
with  the  cerebrum  A,  or  the  cerebel- 
lum £5,  which,  as  has  been  observed  in 
describing  the  development  of  the 
brain,  may  be  regarded  as  adjuncts 
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to  the  rest  of  the  nei-vous  system. 
The  cephalic  ganglia,  medulla  oblon- 
gata, and  spinal  cord,  constitute  there- 
fore the  automatic  pai't  of  the  nervous 
sijstem  which  presides  over  the  organic 


functions  by  means  of  the  nervous 
power  generated  in  it,  independently 
of  the  cerebrum  and  cerebellum.  In  the 
automatic  brain,  then,  (under  whicli 
designation  we  shall,  for  the  sake  of 


12 


7  11 

the  anterior  lobe  of  the  cerebrum  ;  i 
the  middle  lobe  ;  c,  the  posterior  lobe  ;  /,  j 
section  of  the  corpus  callosum,  which  joins 
the  two  hemLfphercs.  Underneath  this  j 
transverse  layer  of  nervous  matter  lie  the  1 
ventricles  of  the  brain,  and  portions  of  the  , 


34 
15 


f)  10    6  G 
cephalic  gnng'ia  which  are  overlapped  and 
partly  concealed  by  the  cerebrum. 

1,  Olfactory  nerves  ;  2,  the  eye  and  optic 
nerve  ;  3-12,  tlie  remaining  cerebral  nerves, 
so  called  from  their  origin  within  the  cra- 
nium ;  14, 10,  the  tirst  two  spinal  nerves. 


brevity,  include  the  cephalic  ganglia, 
tlie  medulla  oblongata,  and  the  spinal 
cord),  are  the  terminations  of  all  the 
nerves.  Accordingly,  here  it  is  that 
stimuli  applied  to  the  peripheral  ex- 
tremities of  the  nerves  arc  converted 
into  sensations,  though  Avithout  the 
cerebrum  these  sensations  cannot  be- 
Sensations  differ 


come  percepttons 
in 


nature   according  to   the  func- 


*  We  here  nse  the  term  sensation  to  sig- 
nify the  mechanical  response  by  t!ie  auto- 
matic brain  to  a  change  in  themolecular  con- 
dition of  the  sensory  nerves.  The  recog- 
nition of  this  change  by  the  cerebrum  im- 
plies a  consciousness  of  the  sensr.tion,  orpcr- 
ception.  In  ordinary  language,  the  word  sen,- 
sation  isfrequently  used  to  denote  2>erception, 


tions  of  tiie  automatic  centre  in 
which  the  nerve  conveying  the  im- 
pression terminates.  For  example,  an 
external  stimulus  applied  to  a  spinal 
nerve  produces  a  change  in  some 
particular  part  of  the  spinal  cord, 
which  is  recognised  by  the  brain  as 
a  "common  sensation;"  and  a  sti- 
mulus applied  to  the  optic  or  auditory 
nerve  acts  on  its  special  centre,  pro- 
ducing changes  which  the  brain  re- 
cognises as  sight  or  hearing.  Thus 
every  part  of  the  automatic  centre  has 
its  own  peculiar  functions,  which,  in 
the  spinal  cord,  are  limited  to  sensa- 
tion and  motion,  but  which  becojne 
much  more  comi)licated  in  the  far 
more  complicated  structures  of  the  me- 
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duUa  oblongata  and  cephalic  ganglia. 
Hence,  as  will  afterwards  be  more  fully 
shewn,  it  is  erroneous  to  speak  of  any 
particular  part  of  the  automatic  brain 
as  the  exclusive  seat  of  sensation. 
To  the  continuance  of  life  the  inte- 
grity of  the  cerebrum  and  cerebellum 
is  of  far  less  importance  than  the 
integrity  of  the  automatic  brain  ;  and 
we  shall  see  as  v,  e  jiroceed  that  the 
first  two  may  be  removed  from  an 
animal  without  the  immediate  de- 
struction of  life,  while  injury  to  the 
medulla  oblongata  is  followed  by  in- 
stantaneous death  from  the  stoppage 
of  the  process  of  respiration.  In  like 
manner  the  cerebrum  and  cerebellum 
may  lose  their  action  in  sleep,  whereas 
the  sleep  of  the  automatic  brain  would 
be  synonymous  with  death. 

In  sleep,  the  body  is  confided  to  the 
watchful  care  of  the  automatic  brain, 
and  especially  of  the  medulla  oblon- 
gata and  spinal  cord.    The  former, 
we  have  seen,  constitutes  the  nervous 
centre  of  respiration,  and  it  is  un- 
necessary to  enter  upon  any  formal 
proof  that  its  action  is  persistent; 
for,  were  the  fact  otherwise,  the  stop- 
page of  its  function  would  speedily  be 
followed  by  death.    It  is  however  not 
at  first  sight  equally  apparent  that 
the  spinal  cord  is  in  constant  action  ; 
but  consideration  of  the  following 
facts  will  shew  that  this  is  really  the 
case.    When  treatin:^  of  the  muscular 
system,  we  pointed  out  (p.  91)  that  at 
all  times  there  is  a  flow  of  nervous 
power  from  the  spinal  cord  to  the 
muscles,  which  is  seen  in  the  firmness 
and  tone  imparted  to  them  even  during 
sleep,  a  state  contrasting  in  a  marked 
manner  with  the  flabbiness  they  ac- 
quire in  paralysis.    Some  animals,  of 
which  the  horse  is  a  familiar  example, 
frequently  sleep  standing,  which  they 
I  could  not  do  if  a  contractile  stimulus 
did  not  flow  from  the  spinal  cord  in- 
dependently of  the  sleeping  nervous 
I  centres.    We  see,  moreover,  that  the 
muscle  which  closes  the  lower  extre- 
mity of  the  intestinal  canal  retains 
its  contractile  power  as  completely 
during  sleep  as  in  the  waking  state  ; 
and  observations  made  in  disease,  as 
well  as  experiments  on  the  lower  ani- 


mals, prove  that  this  power  is  depen- 
dent on  the  integrity  of  the  spinal 
cord,  and  does  not  cease  when  volun- 
tary muscular  power  is  lost. 

On  making  a  transverse  section  of 
the  spinal  cord,  it  is  seen  tobe  composed 
of  an  internal  gray  or  cellular  nervous 
mass,  and  an  external  white  or  fibrous 
nervous  substance,  and  thus  presents 

Fig.  22. 


the  characters  both  of  an  originator 
and  a  conductor  of  nervous  power. 
The  fibrous  white  matter,  which  en- 
closes the  gray  centre,  is  generally 
described   as  being  composed  of  six 
columns,  two  anterior  a  a,  two  pos- 
terior h  b,  and  two  lateral  c  c.  These 
various  columns,  however,  are  inti- 
mately connected  together,  and  can- 
not be  separated  without  tearing  the 
nervous  substance.    The  anterior  co- 
lumns contain  exclusively  motor  fibres, 
which  pass  from  the   brain  to  the 
muscles  ;  while  the  posterior  columns 
contain  exclusively  sensitive  fibres, 
passing  from  the  different  parts  of 
the  body  to  the  brain.    The  lateral 
columns  contain  both  motor  and  sensi- 
tive fibres,  the  former  lying  chiefly 
in  their  anterior,  and  the  latter  in 
their  posterior  portions ;  so  that  the 
spinal  cord  might  be  more  simply 
described   as  consisting  of  anterior 
motor  and  posterior  sensitive  columns, 
meeting  at  the  sides,  and  enclosing  a 
centre  of  gray  cellular  matter,  re- 
presented by  the  shaded  central  part 
of  the  figure.    The  division  into  six 
columns  is  an  arbitrary  one — the  ideal 
separation  of  the  anterior  and  poste- 
rior columns  from  the  portions  of  the 
lateral  columns  which  respectively  be- 
long to  them,  being  marked  by  the 
passage  of  the  nerves  d  d,  ec. 

As  it  is  of  essential  importance  to 
the  proper  comprehension  of  the  dif- 
ference between  reflex  and  voluntary 
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motion   that  a  correct  general  idea 
should  be  formed  of   the  structure 
of  the  spinal  cord,  we  shall  now  en- 
Fig.  23. 
B  I) 


deavour  to  explain,  but  with  as  little 
detail  as  possible,  the  course  of  the 
nervous  fibres  to  and  from  the  brain. 

Fig.  23  is  a  diagmm  illustrating  the 
course  of  the  fibres  of  the  spinal  cord. 
A,  the  gi'ay  centre. 

B  B  (dotted  lines),  the  sensitive  columns 
lying  behind 

C  C,  the  motor  columns,  cut  short  to  shew 
B  B. 

ana,  the  sensitive  fibres  passing  from  the 
periphery  to  the  brain.  In  their  course 
they  enter  the  gray  centre,  and  passing 
into  tlic  posterior  columns  continue  their 
course  to  the  brain. 

b  b  h,  the  motor  fibres,  which  after  descend- 
ing tlie  anterior  columns  pass  into  the  gray 
centre,  and  make  their  appearance  as  the 
anterior  roots  of  the  nerves. 

c  e  e,  the  nerves  composed  of  posterior 
fibres  a,  and  anterior  fibres  b. 

This  diagram  is  intended  to  repre- 
sent a  thin  longitudinal  slice  of  the 
spinal  cord,  seen  from  before,  and  shew- 
ing the  course  of  the  motor  fibres  in 
the  anterior  columns  C,  and  those  of 
tlie  sensitive  fibres  in  the  posterior 
columns  B.  On  examining  the  dia- 
gram, it  will  be  observed,  in  the  first 
place,  that  each  fibre  is  continuous 
from  the  brain  to  the  periphery  of 
the  body,  and  from  the  periphery  to 
the  brain,  and  that  each  in  its  course 
from  the  periphery  or  from  the  brain 
enters  the  gray  centre  of  the  coi'd  A, 
either  passing  entirely  through  it  to 
become  associated  with  the  fibres  of 
the  opposite  side,  or  bending  upon 
itself  to  pursue  its  course  on  its  ori- 
ginal side.  In  this  way  each  nerve 
r,  contains  fibres  coming  from  both 
lateral  halves  of  the  cord.  * 

Inspection  of  the  diagram  will  also 
shew  that  each  nerve  is  composed  of 
fibres  coming  both  from  the  anterior 

*  To  guard  against  misconception,  we 
may  here  remark,  that  the  knowledge  which 
has  been  attained  of  the  structure  of  the 
spinal  cord  is  still  exceedingly  imperfect. 
Tlie  description  in  the  text  of  the  crossing 
of  the  fibres  (see  Kolliker,  op.  cit.)  perhaps 
facilitates  the  explanation  of  the  power  of 
motion  which  animals  retain  in  botli  sides 
of  the  body  after  divi.uon  of  one  of  the  late- 
ral halves  of  the  cord  (see  Valentine's  Lehr- 
buch,  vol.  ii.,  part  2,  p.  481);  but,  on  the 
other  hand,  it  renders  more  difhcult  the 
e.\.planation  of  hemiplegia,  or  paralysis  of 
one-half  of  the  body. 
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columns  C,  and  the  posterior  columns 
B,  These  two  sets  of  fibres  constitute 
the  motor  and  sensitive  roots  of  the 
nerves;  d  e  in  fig.  22  coalescing  to 
form  the  nerve  b.  The  sensitive  roots 
are  represented  by  the  dotted  lines 
in  the  diagram ;  they  paps  into  the 
posterior  columns,  which  lie  behind 
the  anterior  columns,  and  pursue  their 
way  to  the  brain  ;  and  the  man- 
date which  follows  on  the  impi'ession 
they  convey  upwards  is  brought  down 
by  the  motor  fibres,  represented  by 
the  continuous  lines. 

In  this  course  the  fibres  of  the 
nerves  are  in  connection  with  two 
sources  of  nervous  power.  A  stimulus 
applied  to  the  extremity  of  the  nerves 
c,  produces  a  change  which  is  propa- 
gated in  the  first  place  to  the  gray 
centre  of  the  spinal  cord,  and  thence 
upwards,  through  the  sensitive  column 
B  B,  to  the  brain.    The  result  which 
follows  is  dependent  on  tlie  condition 
of  the  centres  which  are  thus  excited. 
If  we  suppose  the  spinal  cord  to  be 
transversely  divided  at  D,  any  stimu- 
lus applied  to  the  nerves  below  this 
point  will  aflfect  merely  the  spinal 
centre  lying  below  the  section,  and 
the  excitement  thus  produced  will  be 
communicated  to  (or  rejlccted  on)  the 
motor  fibres  coming  from  this  portion 
of  the  spinal  cord.   A  pure  reflex  mo- 
tion will  thus  be  produced.  Again, 
if  instead  of  the  stimulus  being  pre- 
vented from  acting  on  the  brain  by 
section  of  the  cord,  it  is  simply  not 
recognised  by  tlie  brain  owing  to  the 
action  of  the  latter  being  suspended 
by  sleep,  the  movements  which  result 
from  irritation  of  the  extremities  of 
the  nerves  will  still  be  reflex.  This  is 
seen  when  the  foot  is  withdrawn  on 
being  tickled  daring  sleep.    If,  how- 
ever, the  spinal  cord  be  entire,  and 
the  brain  awake,  a  knowledge  of  the 
changes  produced  by  the  stimulus  in 
the  spinal  centre  is  propagated  to  and 
recognised  by  the  cerebral  centre,  and 
we  accordingly  become  conscious  of 
them.*  This  consciousness  is  followed 
by  volition,  and  a  voluntary  man- 

*  See  Art.  on  the  Nervous  System  by  Re- 
mak  in  the  Eneycl.  "VVorterbuch  der  Med. 
Wissensch.,  vol.  xxv.,  p.  17G.    Berlin,  1841. 


date  is  forthwith  dispatched  through 
the  motor  fibres,  to  call  into  action 
that  particular  portion  of  the  auto- 
matic centres  which  is  necessary  to 
produce  the  required  movements.  In 
man   the   cerebral  jirepon  derate  so 
much  over  the  spinal   centres  that 
volition  in  general  controls  automatic 
action.    But  this  is  not  invariably 
the  case,  as  no  voluntary  effort  is 
suflBcient  to  enable  us  to  resist  the 
automatic  action  which  follows  tick- 
ling of  the  nostril  or  windpijie — that 
is,  sneezing  or  coughing.     In  ani- 
mals where  the  brain  is  little  de- 
veloped, reflex  action  preponderates, 
and  this  is  seen  also  in  man  where 
tlie  brain  is  weakened  by  disease,  or 
prevented  by  spinal  injury  from  ex- 
ercising its  controlling  power.  In- 
deed, in  certain  abnormal  conditions, 
the  spinal  centre  generates  nervous 
power  in  such  abundance  that  it  loses 
its  character  of  a  passive  instrument, 
and  produces  convulsive  action  of  the 
limbs  by  its  own  spontaneous  action. 
An  esamiile  of  this  state  is  given  in 
page  91.    In  its  normal  condition, 
however,  with  the  exceptions  already 
mentioned  at  the  place  referred  to, 
it  possesses  no  spontaneous  action,  but 
is  simply  a   generator   of  nervous 
power,  Mhich  is  discharged  according 
to  the  nature  of  the  stimuli  which  the 
nervous  fibres  convey  to  it.    If  the 
stimulus  come  from  the  periphery,  the 
resulting  movement  is  reflex  and  in- 
voluntary ;  if  it  come  from  tlie  brain, 
it  is  generally  voluntary,  though,  as 
explained  in  page  88,  not  always  so. 
In  the  healthy  state,  the  effect  of  a 
peripheral  stimulus  is  usually  limited 
to  the  particular  section  of  the  spinal 
cord  with  which  the  afferent  nerve  is 
connected.    Thus,  if  the  hand  be  sud- 
denly pricked,  the  stimulus  is  con- 
fined to  the  portion  of  the  spinal 
cord  from  which  the  nerves  of  the 
arms  issue,  and  the  hand  is  snatched 
away.    But  in  abnormal  states  the 
excitement  of  the  spinal  cord  is  not 
thus  limited,  but  is  radiated  as  it 
were  through  the  whole  of  the  gray 
centre,  giving  rise  to  general  con- 
i  vulsions.    The  limitation  of  the  ex- 
1  citement  is  well  seen  in  cases  of  the 
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irritation  of  particular  nerves,  such 
as  those  of  the  throat  or  nostril,, 
when  a  stimulus  produces  vomiting 
or  sneezing. 

It  has  been  objected  to  the  theory  of 
the  continuity  of  fibres  from  the  brain 
to  the  periphery,  and  vice  versa,  that, 
were  it  true,  the  spinal  cord  in  the 
region  of  the  neck  would  be  much 
thicker  than  it  really  is,  as  the  com- 
bined area  of  the  sections  of  all  the 
nerves  much  surpasses  the  area  of  the 
section  of  the  cord  at  its  superior  part. 
Kolliker,  however,  has  met  this  objec- 
tion by  shewing  that  the  fibres  of  the 
nerves  when  they  enter  the  cord  be- 
come much  thinner,  and  he  has  made 
some  very  elaborate  calculations  to 
prove  that  the  area  of  the  cord  is  amply 
sufficient  to  permit  the  continuity  of 
the  attenuated  fibres.* 

But  our  more  immediate  object  at 
present,  is  to  investigate  the  nature  of 
the  functions  of  the  nervous  centres  of 
animal  life.  To  arrive  at  the  know- 
ledge of  these,  physiologists  have  had 
recourse  to  various  methods  of  investi- 
gation; but  all  of  them  are  so  beset  with 
difficulties,  that  the  conclusions  arrived 
at  by  different  investigators  are  fre- 
quently in  total  opposition  to  each 
other.  This  is  especially  the  case  in 
matters  of  detail,  though,  in  so  far  as 
the  general  functions  of  the  great  di- 
visions of  the  brain  are  concerned,  a 
certain  degree  of  harmony  prevails. 

The  first  means  of  ascertaining  the 
functions  of  the  various  parts  of  the 
brain,  is  the  study  of  their  compara- 
tive development  in  man  and  the  lower 
animals.  We  have  seen  above  that  the 

«  Milcroskopische  Anatomie,  vol.  ii.,  p. 
435.  It  is  a  matter  of  little  practical  import- 
ance whether  we  adopt  the  theory  of  the 
continuity  of  the  nervous  fibres  from  the 
periphery  to  the  brain,  or  believe,  with 
Volkmann,  that  the  nerves  terminate  iu  the 
spinal  cord,  but  are  connected  with  the 
brain  by  means  of  spinal  fibres,  one  of 
which  may  suffice  to  convey  the  stimulus 
brought  from  tlie  surface  by  several  tierve 
fibres.  In  this  way  he  explains  tlie  compa- 
ratively small  size  of  the  spinal  cord  in  the 
region  of  the  neck.  See  his  article  on 
Nervenphysiologie  in  Wagner's  Handwiir- 
terbuch,  vol.  ii. 


cerebral  hemispheres  may  be  consider- 
ed as  in  a  manner  adjuncts  to  the  rest 
of  the  nervous  system,  since  their 
absence  does  not  directly  interfere  with 
the  nutrition  and  development  of  the 
organism.  Indeed,  as  we  descend  in 
the  scale  of  ci-eation,  we  at  last  reach 
animals  wliere  their  almost  total  ab- 
sence is  the  normal  condition.  This 
may  be  said  to  be  the  case  in  fishes, 
where  the  brain  may  be  described  as 
almost  entirely  consisting  of  central 
ganglia  for  the  principal  nerves,  and 
thus  constituting  an  automatic  instru- 
ment. In  other  animals,  again,  higher 
in  the  scale,  the  brain  seems  to  be  ar- 
rested at  some  particular  stage  which 
the  human  brain  passes  through  in  the 
course  of  its  development.  The  cere- 
brum isstUl  present,  but  of  vei-y  small 
size;  and  the  convolutions  by  which 
the  superficies  of  the  cellular  matter 
is  elsewhere  increased,  do  not  ajjpear 
at  all.  As  a  general  rule,  along 
with  this  arrest  of  development  the 
mental  faculties  are  found  correspond- 
ingly cu'cumscribed,  and  below  the 
birds  we  do  not  recognise  any  intel- 
lectual manifestations  bearing  affinity 
to  those  of  the  human  mind.  In  birds, 
however,  we  still  observe  the  manifes- 
tations of  affections  and  passions  ana- 
logous to  those  of  man,  together  with 
a  certain  amount  of  intellectual  capa- 
city. These  mental  manifestations  in- 
crease in  the  mammalia.  "  It  is  in 
them,"  says  Professor  Owen,  "  that  the 
progressive  expansion  of  the  brain  is 
greatest,  and  the  final  predominance 
of  reason  over  instinct  is  achieved.  In 
this  class,  sensation  is  the  chief  charac- 
teristic rather  than  muscular  energy 
or  ii'ritability ;  the  instincts  become 
more  varied,  they  ai'e  also  less  mechani- 
cal and  more  educable.  In  Mammalia 
we  first  find  the  cerebral  hemispheres 
acquiring  an  additional  extent  of  the 
gray  and  vascular  surface  by  con- 
volutions, which  increase  in  number 
and  depth  as  the  species  approximate 
man."*  From  such  facts  we  infer  the 
connection  of  the  hemispheric  lobes 
with  mental  manifestations ;  although 

*  Lectures  on  the  Comparative  Anatomy 
of  the  Vertebrate  Animals,  vol.  i.,  p.  19. 


rUNCTIOXS  OF  THE  NERVOUS  SYSTEM. 


238 


such  observations  are  far  from  yield- 
ing unassailable  evidence,  that  certain 
parts  of  the  brain  arc  in  all  animals 
invariably  connected  with  the  manifes- 
tation of  certain  faculties.  We  cannot 
as  yet  maintain  tliat,  throughout  the 
animal  kingdom,  in  the  absence  of  such 
and  such  a  part  of  the  brain,  such  and 
such  a  faculty  must  be  wanting.  On 
tlie  contrary,  our  present  knowledge 
seems  rather  to  indicate  tliat  JS'ature 
may,  and  often  does,  in  animals  of  dif- 
ferent species,  attain  the  same  ends  by 
the  use  of  different  means.  In  no  other 
way  can  we  explain  the  occasional 
existence  of  certain  functions  in  the 
lower  animals,  in  which  that  portion  of 
the  brain  with  which  they  seem  in  man 
to  be  connected,  is  not  developed. 

The  second  means  of  determining 
the  functions  of  the  brain  is  the  making 
of  experiments  on  living  animals.  But 
here  great  discrlniinatiou  is  necessary 
to  avoid  mistaking  the  results  caused 
by  the  general  shock  to  the  system, 
for  those  specially  duo  to  some  par- 
ticular lesion  of  tlie  nervous  centre. 
It  is  in  a  great  measure  owing  to  this 
source  of  error,  that  different  experi- 
menters have  arrived  at  sucli  contra- 
dictory conclusions. 

In  the  phenomena  which  accompany 
disease,  we  have  a  third  source  of  in- 
formation regarding  the  uses  of  the 
nervous  system  ;  but  one  also  ex- 
tremely liable  to  misconception,  first, 
from  the  difficulty  of  deciding  that  the 
disease  is  strictly  limited  to  certain 
portions  of  the  nervous  substance,  and, 
secondly,  from  the  fact  that  the  brain, 
like  the  eyes  and  ears,  is  double,  so 
that  the  healthy  action  of  one  hemi- 
sphere may  conceal  the  effects  of  disease 
in  the  other. 

Further,  we  have  in  chloroform  and 
other  anaesthetic  agents  a  means  of 
analysing  the  action  of  the  various  great 
divisions  of  the  nervous  system  :  for 
with  their  aid  it  is  possible  to  suspend 
the  action  of  certain  portions,  while 
others  remain  unaffected. 

Finally,  by  comparing  the  size  and 
external  form  of  tlie  cranium  (as  pretty 
accurately  indicative  of  the  size  and 
form  of  -  the  inclosed  brain)  with  the 


mental  manifestations,  we  ascertain 
that  certain  cerebral  parts  are  con- 
nected with  certain  emotional  and  in- 
tellectual faculties. 

It  is  more  than  probable  that  im- 
proved methods  of  preparing  the  ner- 
vous substance  for  microscopic  inves- 
tigation, will  bring  great  additions  to 
our  knowledge.  In  the  mean  time,  the 
researches  of  KoUiker  and  other  in- 
vestigators are  gradually  preparing 
the  way. 

From  the  knowledge  furnished  by 
these  various  sources,  physiologists  are 
now  universally  of  opinion  that  the 
cerebrum,  or  hemispheric  lobes  of  the 
bi-ain,  constitutes  or  includes  the  organ 
of  the  intellectual  and  moral  powers. 
It  is  the  seat  of  consciousness,  voli- 
tion, and  emotion,  ftnd  when  it  is 
removed  the  body  sinks  into  a  mere 
machine,  which  acts  in  obedience  to 
the  inherent  forces  of  the  automatic 
brain,  or  resjionds  to  physical  stimuli 
according  to  the  laws  of  reflex  action. 
In  the  lower  animals,  for  instance,  when 
deprived  of  the  hemispheric  lobes,  the 
movements  are  purely  automatic,  al- 
though still  evidently  adapted  to  the 
attainment  of  a  purpose.  Miscon- 
ception on  this  head,  has  induced  many 
physiologists  to  believe  tliat  conscious- 
ness is  not  confined  to  the  cerebrum, 
but  is  a  general  attribute  of  the  whole 
cerebro-spinal  axis.  But  it  is  clear 
that  the  acephalic  infant  which  takes 
the  breast,  does  so  purely  as  an  auto- 
maton, and  not  from  consciousness.^- 
In  a  former  chapter  (p.  91),  we  had 
occasion  to  mention  the  experiment  of 
Flourens,  in  which  a  pigeon,  after 
bemg  deprived  of  the  cerebrum,  con- 
tinued to  live  for  several  months. 
But  the  animal  was  a  mere  living 
automaton.  It  swallowed  when  grain 
was  put  into  its  mouth,  ran  when  it 
>vas  pushed,  and  flew  when  it  was 
thrown  into  the  air;  but  when  left 
alone  remained  passive  as  if  sunk  in  a 
profound  sleep.  There  remained  the 
cerebellum,  the  ceplialic  ganglia,  the 
medulla  oblongata,  and  the  sinnal 
cord ;  consequently  the  whole  appara- 
tus of  sensation  and  motion :  but  the 

'*  See  Dr  Marshall  Hall,  loc.  cit. 


FUNCTIONS  OF  THE  NERVOUS  SYSTE.^f. 


239 


organ  through  which  sensation  becomes 
perception,  and  through  which  volun- 
tary power  is  exercised,  hatl  been 
removed.  We  are  toid  by  Flourens 
that  the  animal  was  not  aware  of 
obstacles  in  its  way,  but  flew  or  ran 
against  them.  This,  however,  might 
have  been  otherwise  ;  for  (as  fig.  21 
illustrates),  although  the  hemispheres 
of  the  brain  be  removed,  the  animal 
will,  nevertheless,  retain  the  eye  which 
receives  the  light,  and  the  cephalic 
ganglia  where  its  stimulus  becomes 
converted  into  sight.  Theoretically, 
therefore,  tlie  animal  ought  to  have 
had  the  sensation  of  light,  though 
<lestitute  of  tlie  consciousness  of  siglit ; 
and  the  absence  of  that  sensation  was 
probably  due  to  the  derangement  of 
the  functions  of  the  cephalic  ganglia 
by  the  shock  of  the  operation.  In 
analogous  experiments  by  other  in- 
vestigators, there  is  ample  evidence 
that  sight  was  not  destroyed.  For  in- 
stance, a  frog,  which  Volkmann  had 
deprived  of  the  cerebral  lobes,  when 
placed  in  an  earthenware  vessel  sprang 
towards  the  light,  and  not  forwards 
against  the  w  alls  of  the  vessel,  which 
would  have  been  its  natural  action 
had  it  not  felt  the  sensation  of  light.* 
According  to  Longet,  the  pupU  of 
the  eye  of  a  pigeon  which  has  been 
deprived  of  the  cerebral  lobes,  con- 
tracts on  the  approach  of  a  light,  and 
the  head  turns  mechanically  to  follow 
it.  When  a  pistol  is  fired  near  the 
bird,  it  opens  its  eyes  and  stretches  its 
neck,  but  again  subsides  immediately 
into  its  slumber. 

In  these  examples,  we  have  automatic 
motion  springing  from  the  inboi*n 
action  of  a  nervous  centre,  or  caused 
by  the  impression  produced  by  ex- 
ternal stimuli.  The  frog  leaping  up- 
wards, and  tlie  pigeon  following  with 
its  head  the  movements  of  the  light, 
acted  without  consciousness  or  volition, 
but  in  obedience  to  the  dictates  of  the 
automatic  brain.  We  can  explain  the 
movements  of  respiration  in  no  way 
more  satisfactorily  than  by  supposing 
them  to  originate  in  the  inborn  power 

»  Wagner's  HandwGrterbuch  der  Pliysio- 
logie,  vol.  1.,  p.  680. 


of  the  medulla  oblongata ;  and  we  may 
analogically  suppose  the  automatic 
motions  of  animals  wliich  have  been 
deprived  of  the  cerebral  lobes,  to  spring 
in  like  manner  from  the  direct  action 
of  those  parts  of  the  nervous  centre, 
which  for  simplicity  we  have  classed 
together  under  the  general  terni  of 
the  automatic  brain.  Or,  to  a  certain 
extent,  they  may  be  explained  as  the 
result  of  reflex  action.  For  instance, 
the  stimulus  of  light,  wlien  conveyed 
to.  the  cephalic  ganglia,  produces  a 
change  which  is  reflected  as  motor 
power  on  the  motifei'ous  nerves,  and 
thus  produces  certain  automatic  move- 
ments. A  case  illustrative  of  this  fact 
is  given  below. 

But  all  parts  of  the  automatic  brain 
are  not  of  equal  importance.  The 
cephalic  ganglia  and  medulla  oblongata 
are  mucli  more  complex  in  structure, 
and  preside  over  a  greater  variety  of 
functions,  than  the  spinal  cord.  Ex- 
periments on  animals  clearly  shew 
that  the  two  former  possess  spontane- 
ous powers  of  action.  An  animal 
which  has  been  deprived  of  the  cere- 
brum and  cerebellum  still  moves  its 
limbs  automatically,  though  it  is  in- 
capable of  voluntary  motion  ;  and  one 
wliich  retains  the  medulla  oblongata 
uninjured,  still  breathes,  though  the 
whole  of  the  rest  of  the  cerebro-spinal 
axis  has  been  removed.  But  it  remains 
doubtful  whether  the  spinal  cord  pos- 
sesses the  power  of  spontaneous  action. 
The  factof  animals  runningand  of  bii'ds 
flying  short  distances  after  sudden  de- 
capitation has  been  reported  by  several 
authors;  but  Volkmann,  in  numerous 
experiments,  was  never  able  to  see 
this  phenomenon.  The  spinal  cord, 
however,  undoubtedly  retains  its  power 
of  responding  to  stimuli,  whether  ap- 
plied directly  to  its  substance  at  the 
point  of  division,  or  indirectly  to  the 
extremities  of  the  peripheral  nerves. 
The  following  extract^  taken  from  the 
2)ages  of  a  non-medical  but  scientific 
writer,  will  shew  that  it  is  from  the 
spinal  cord  that  the  muscles  imme- 
diately derive  their  contractile  stimu- 
lus, and  that  the  mechanism  of  motion 
is  independent  of  the  cerebrum. 

"A  young  alligator  was  decapitated 
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at  the  point  where  the  neck  or  atlas 
articulates  with  the  occiput.  Kot  more 
than  two  ounces  of  blood  flowed  from 
the  wound.  The  jaws  of  the  detached 
head  still  snapped  at  anything  which 
touclied  the  tongue  or  lining  membrane 
of  the  mouth.*  After  tlie  convulsions 
I  pi'oducedbj- decapitation  had  subsided, 
the  trunli  of  tho  animal  remained  in  a 
state  of  torpor  resembling  profound 
sleep.  But  when  pinched  or  pricked 
on  the  sides,  tlie  creature  would  scratch 
the  spot,  sometimes  with  the  fore,  and 
sometimes  with  the  hind-foot,  accord- 
ing to  the  situation  of  tlie  injurj"  in- 
flicted. These  movements  of  the  limbs 
were  promptly  and  determinatoly 
performed,  and  were  always  confined 
to  the  members  on  the  side  of  the 
irritating  cause.  If  touched  below  the 
posterior  extremity  on  the  thick  por- 
tion of  the  tail,  he  would  slowly  and 
deliberately  draw  up  tho  hind-foot, 
and  scratch  the  part,  and  would  use 
considerable  force  in  pushing  aside  the 
offending  object.  These  experiments 
were  repeatedly  performed,  and  always 
with  the  same  result."!  They  were 
made  by  Dr  Le  Conte ;  and  Sir  Charles 
Lyell  refers  to  the  New  York  Journal 
of  Medicine,  Nov,  1845,  for  more  ample 
details. 

Here  the  mechanical  irritation  of  the 
peripheral  extremities  of  the  nerves 
produced  in  them  a  molecular  change 
which  was  propagated  to  the  gray 
matter  of  the  spinal  cord,  and  there 
reflected  on  the  motor  nerves  accord- 
ing to  the  natural  laws  of  action  of 
the  spinal  nervous  centre.  For  this 
purpose  no  effort  of  the  wUl  was 
necessary.  In  the  unmutilated  animal 
consciousness  would  doubtless  accom- 
pany the  movements,  but  the  absence 
of  consciousness  does  not  interfere  with 
their  execution.  There  can  be  no  will 
without  consciousness;  and  that  neither 
the  one  nor  the  other  exists  in  a  de- 
capitated animal  is  proved  by  its  re- 
maining quiescent  after  the  first  con- 
vulsive motions  have  subsided,  so  long 

•  This  action  was  due  to  that  part  of  the 
spinal  centre  which  remained  in  the 
cranium. 

t  Lyell's  Second  Visit  to  tlie  United 
States,  vol.  i.,  p.  317. 


as  no  stimulus  is  applied  to  it.*  We 
all  know  from  our  own  experience  that 
if  the  hand  be  suddenly  pricked  it  is 
withdrawn  by  an  involuntary  action, 
and  that  if  a  liquid  enter  the  windpipe 
we  have  aninvoluntaryfit  of  coughing. 
These  involuntary  actions  depend  on 
the  gray  centre  of  the  spinal  cord,  and 
would  equalljr  take  i)lace  were  the 
brain  removed,  if  this  operation  could 
be  performed  in  man  without  instantly- 
destroying  life.  They  are  seen  every 
day  in  cases  of  apoplexy,  where  all 
consciousness  is  destroyed  by  disease, 
and  where,  accordingly,  there  is  no 
perception  of  sensation.  When  the 
skin  of  the  decapitated  alligator  was 
pricked,  the  same  change  was  produced 
in  the  nerves  of  sensation  as  if  the 
animal  had  been  unmutilated ;  and  this 
change  was  propagated  to  the  spinal 
cord,  and  there  reflected,  according  to 
precisely  the  same  laws  which  regulate 
the  spinal  cord  of  an  unmutilated 
animal.  But  no  change  was  recognised 
bj-  the  brain,  for  the  simple  reason 
tliat  the  brain  no  longer  formed  a  part 
of  the  body.  Consequently  there  was 
no  consciousness  of  the  irritation,  for 
this  depends  on  clianges  which  must 
be  projjagated  to  the  brain  to  cause 
jyerception.  The  surgeon's  knife  pro- 
duces the  same  changes  upon  the 
nerves  of  a  person  under  the  influence 
of  chloroform,  as  upon  the  nerves  of 
one  who  is  free  from  its  influence. 
These  changes  are  propagated  to  the 
nervous  centre  of  sensation,  and  are 
recognised  by  the  automatic  brain — of 
whicii  fact  we  have  evidence  in  the 
unconscious  moaning  which  frequently 
accompanies  the  incision ;  but  the 
anaesthetic  agent  has  produced  in  the 
cerebrum  a  molecular  change,  which, 
for  the  time,  alters  its  action  and  pre- 
vents its  i)erceiving  the  pain.  If  the 
use  of  the  chloroform  be  pushed  too 
far,  the  automatic  nervous  centres  also 

*  When  a  decapitated  frog  is  extended 
on  the  table,  it  draws  up  its  extremities  and 
assumes  its  usual  sitting  posture.  But 
Valentin  has  shewn  that  this  is  probably  a 
purely  physical  result,  depending  on  the 
greater  power  of  the  flexor  muscles  over  the 
extensors.  The  tonic  action  of  the  former 
prevailing,  draws  up  the  limbs. 
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are  affected  ;  the  tonic  contraction  of 
the  muscles  is  destroyed,  the  sphincters 
relax,  respiration  ceases,  and  death 
ensues. 

For  these  reasons,  then,  we  consider 
the  spinal  cord  as  in  a  great  measure 
a  jtcLssive  instrument,  and  incapable  of 
spontaneous  action  beyond  that  which 
gives  the  tonic  muscular  power  already 
mentioned.  But  it  is  ready  to  act  in 
obedience  to  stimuli  reaching  it  from 
the  brain  or  from  the  peripheral  ner- 
vous expansion. 

For  this  purpose,  however,  the  spi- 
nal cord  must  be  in  unbroken  commu- 
nication with  the  brain  and  peripheral 
nerves;  for  when  the  channels  by  which 
stimuli  reach  it  are  destroyed,  or  al- 
tered in  their  molecular  constitution, 
it  necessarily  loses  the  property  of  re- 
sponding to  them.  Accordingly,  in 
diseases  of  the  cord  the  operation  of 
the  will  cannot  be  extended  to  portions 
below  the  seat  of  the  injury,  and  hence 
the  muscles  supplied  by  such  portions 
remain  paralysed ;  or  if,  on  the  other 
hand,  the  nerves  leading  from  the 
periphery  to  the  cord  be  cut,  no  ex- 
ternal stimulus  can  reach  it,  and  con- 
sequently no  reflex  motions  can  be  pro- 
duced. Thus,  if  the  nerve  which  sup- 
plies the  nostril  be  cut,  no  amount  of 
irritation  will  produce  sneezing.  When 
treating  of  the  muscles  (p.  90),  we 
stated  that  there  is  reason  to  think 
that  the  spinal  cord  is  not  a  single 
organ,  but  that  it  is  composed  of  a 
conffcries  of  nervous  centres,  each  hav- 
ing its  own  particular  sphere  of  in- 
fluence. The  experiments  which  sup- 
port this  view  have  been  made  chiefly 
on  such  of  the  lower  animals  as  are 
extremely  retentive  of  life  ;  but  they 
may  be  applied  analogically  to  man, 
and  several  facts  in  human  anatomy 
and  physiology  render  this  supposition 
extremely  probable.  Wherever,  for 
example,  much  nervous  power  is  re- 
quired, we  find  the  gray  matter  of  the 
spinal  cord  increased  in  thickness. 
This  is  particularly  the  case  at  the 
origin  of  the  nerves  which  supply  the 
upper  and  lower  extremities — an  unne- 
cessary provision  if  the  nervous  power 
be  supposed  to  flow  from  the  spinal 
cord  as  from  a  single  organ.  Again, 


when  that  portion  of  the  cord  is  de- 
stroyed from  which  the  nerves  of  the 
inferior  extremities  are  derived,  para- 
lysis of  the  latter  is  produced,  while 
the  upper  extremities  retain  their 
power  of  motion  as  if  the  cord  were 
entire ;  and  though  it  be  true  that 
paralysis  of  the  upper  extremities, 
produced  by  injury  of  that  part  of  the 
cord  from  which  their  nerves  proceed, 
extends  also  to  the  lower  extremities, 
this  happens  simply  because  the  de- 
struction of  the  upper  part  of  the  spi- 
nal cord  renders  impossible  the  down- 
ward transmission  of  a  contractile  man- 
date. In  this  case,  however,  the  infe- 
rior extremities  exhibit  reflex  motions 
on  irritation  of  their  peripheral  nerves, 
thus  clearly  indicating  the  existence  of 
a  nervous  centre  below  the  seat  of  the 
injury.  But  if  the  disease  of  the  upper 
portion  of  the  cord  be  limited  to  the 
gray  centre,  which  is  the  source  of  the 
spinal  nervous  power,  so  that  the  con- 
ducting function  of  the  columns  of 
white  matter  remains  unimpaired,  a- 
voluntary  stimulus  may  still  be  trans- 
mitted from  the  brain  to  the  inferior 
and  healthy  portion  of  the  cord,  giving 
rise  to  the  rare  phenomenon  of  para- 
lysis of  the  upper  extremities,  with 
perfect  use  of  the  lower.  A  case  of 
this  kind  is  quoted  by  Dr  Abcrcrombie 
from  Ollivier.^'  In  reptiles,  which  are 
very  retentive  of  life,  the  amputated  tail 
writhes  and  twists  when  it  is  irritated, 
the  muscles  deriving  their  contractile 
stimulus  from  the  portion  of  spinal 
cord  contained  in  the  tail.  This  is 
readily  proved  by  destroying  the  spinal 
cord,  for  tlien  all  power  of  motion  on 
irritation  is  lost.  In  insects,  analogous 
phenomena  are  exhibited  even  in  a 
more  surprising  degree  :  "  The  jaws  of 
the  separated  liead  of  the  mantis  bite 
forcibly  the  stick  which  is  held  to  them. 
The  formidably  armed  prehensile  legs 
in  like  manner  wound  the  finger  that 
touches  them,  when  the  segment  of 
the  body  supporting  them  is  separa- 
ted from  the  head  and  the  rest  of  the 

*  Pathological  and  Practical  Researches 
on  Diseases  of  the  Br:iiti  and  Spinal  Cord, 
p.  348.   Edin.  1828. 
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trunk.  And  if  the  decapitation  or  am- 
putation  of  the  pro-thorax  be  neatly 
performed  on  the  living  insect,  while 
in  its  natural  and  ordinary  position, 
perched  by  the  middle  and  hinder  legs 
upon  a  twig,  the  rest  of  the  trunk  does 
not  fall  to  the  ground,  but  is  main- 
tained for  a  certain  period  in  that 
posture,  which  it  even  recovers  by  ac- 
tion of  the  wings,  when  the  balance  is 
slightly  and  purposely  disturbed.'"* 

In  the  cephalic  ganglia  are  the  ulti- 
mate terminations  of  the  sensory  and 
motory  nerves,  which  accordingly  do 
not  pass  into  the  hemispheric  lobes, 
but  merely  present  an  instrument  on 
which  the  cerebrum  may  impress  its 
mandates,  and  from  which  it  may  re- 
ceive a  knowledge  of  the  sensations 
produced  in  the  different  automatic 
centres. 

In  the  opinion  of  many  physio- 
logists, the  Cerebellum  is  the  organ 
through    which   we    exercise  volun- 
tary control  over  the  muscles.  Its 
removal  does  not  altogether  destroy 
motion  ;  but  the  animal  seems  incapa- 
ble of  directing  its  body  by  the  will. 
Thus,  when  the  cerebellum  is  removed, 
but  the  rest  of  the  nervous  centres  are 
left,  the  animal  recognises  and  endea- 
vours to  avoid  any  thi-eatening danger, 
but  it  can  no  longer  command  the  use 
of  its  liinbs,  and  strives  in  vain  to 
move.    Nightmare  seems  to  present 
a  somewhat  analogous  condition.  In 
this  state  tliere  is  a  strong  but  fruitless 
struggle  to  change  the  position  or  to 
escape  from  sujjiioscd  danger  ;  and  the 
inability  to  move  is  probably  due  to  sus- 
pension of  the  action  of  the  cerebellum 
by  sleep.    It  has  before  been  pointed 
out  that,  in  willing  any  particular  move- 
ment, wo  have  no  c;>nsciousnoss  of  the 
way  in  which  the  particular  muscles 
are  called  into  action ;  but  simply  will 
the  motion  and  it  takes  jilace.  (See 
p.  90.)    Kolliker  conjectures  that  it  is 
the  function  of  the  cerebellum  to  direct 
the  motor  influence  upon  particular 
nervous  fibres,  so  as  to  produce  tlie 

I  required  movements.     According  to 

i  I 

j!       '  Owen'.-;  Lectures  on  the  Invert ohrate 

I I  Animals,  p.  107. 


this  theory,  the  cerebellum  is  not 
the  source  of  voluntary  motor  power, 
which,  as  we  have  already  seen,  origi- 
nates in  the  gray  matter  of  the  various 
portions  of  the  automatic  bi-ain,  but 
simply  the  director  of  voluntary  motor 
power.  The  cerebrum  informs  it  what 
motion  is  to  be  performed,  and  the 
cerebellum  selects  the  proper  fibres 
along  which  to  despatch  tlie  mandate 
to  the  gray  matter  of  the  cord. 

The  fibres  of  the  automatic  brain 
do  not  pass  into  the  cerebellum,  which, 
like  the  cerebrum,  may  be  cut  with- 
out producing  either  motion  or  pain, 
while  the  slightest  irritation  of  the 
fibres  of  the  medulla  oblongata  is  fol- 
lowed either  by  convulsions  or  tlie 
acutest  agony,  according  as  the  motor 
or  sensitive  fibres  are  injured.  Both 
the  cerebrum  and  cerebellum  are  parts 
superimposed  ujion  the  automatic  brain 
— they  are  the  directors  of  the  me- 
chanism. 

When  the  cerebellum  is  injured,  the 
power  of  locomotion  is,  at  least  in 
many    cases,    injured  likewise;  but 
paralysis  must  not  on  this  account 
be  considered  as  necessarily  imply- 
ing disease  of  the  cerebellum.  The 
causes   of    paralysis    are  manifold, 
and  great  judgment  on  the  part  of  the 
practitioner  is  frequently  necessary  to 
discriminate  between  them.    It  may  1 
arise,  in  the  first  place,  from  local  dis-  I 
ease  of  the  nerves,  impeding  the  trans- 
mission of  the  con  tractile  stimulus  from 
the  spinal  cord  to  the  muscles.  Se- 
condly, it  may  be  due  to  disease  of  the 
(pinal  cord  itself,  which  refuses  to  act 
in  obedience  to  the  mandate  of  the  will. 
Thirdly,  it  may  be  caused  by  disease 
of  the  cerebellum.,  whereby  the  ^lower 
of  stimulating  the  STJinal  cord  to  action 
is  lost.     Fourthly,  the  complicated 
structure  of  the  cephalic  fjamjlia  may 
be  injured,  whereby  the  connection 
between  the  seat  of  volition  and  the 
automatic  brain   may  be  destroyed, 
or  the  communication  between  the 
cerebrum    and    cerebellum  broken 
down,  so  that  the  command  of  the 
former  is  no  longer  conveyed  to  the 
latter.  And,  lastly,  the  cerebrum  itself 
may  be  diseased,  and  therefore  no  vo- 
luntary mandate  be  generated. 
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Whenonehalfof  thecerebellum  is  re- 
moved, the  animal  is  seized  with  an  un- 
controllable impulse  to  revolve  on  its 
axis,  turning  sometimes  sixty  times  in  a 
minute;  and  this  motion  occasionally 
continues  for  days.  Itseems  to  becaused 
by  the  preponderating  stimulus  which 
the  muscles  of  one  side  of  the  body 
derive  from  the  half  of  the  cerebellum 
which  is  left:  when  the  remaining 
half  is  removed  the  stimulus  is  equal- 
ised, and  the  revolving  motion  ceases. 
Another  phenomenon  is  observed  when 
the  communication  of  one  of  the  hemi- 
spheres of  the  cerebrum  with  the  cere- 
bellum is  cut.  Here  the  animal,  instead 
of  revolving  on  its  axis,  runs  round 
and  round  in  a  circle  like  a  horse  in 


an  amphitheatre,  probably  because  un- 
equal amounts  of  stimulus  are  received 
by  the  cerebellum  from  the  two  halves 
of  the  cerebrum. 

In  the  accompanying  diagram  (fig. 
24)  we  have  endeavoured  to  give  a 
general,  though  necessarily  very  im- 
perfect idea,  of  the  connection  of  the 
various  nervous  centres,  and  of  the 
course  of  the  fibres  from  the  periphery 
to  the  brain,  and  from  the  brain  to  the 
periphery.  In  doing  so  we  have  avoided 
all  attempt  to  shew  the  mutual  commu- 
nication of  the  two  sides  of  the  nervous 
system  in  the  cephalic  ganglia,  me- 
dulla oblongata,  and  spinal  cord,  as 
it  would  be  quite  impossible  to  give 
any  j  ust  idea  of  it.'^- 

A,  A,  The  hemispheres  of  the  cerebrum 
united  together  by  the  fibres  a,  a,  and  con- 
nected with  the  cephalic  ganglia  C,  C,  by 
means  of  the  fibres  b,b,  c,  c. 

B,  B,  The  two  halves  of  the  cerebellum 
coinuiuiiicating  with  the  motor  fibres  in  the 
medulla  oblonijata  D,  by  means  of  the  fibres 
<j,  g,  which  KoUikerf  tliinks  are  in  them- 
selves neither  motory  nor  sensitive,  hut 
serve  the  purpose  of  comimmicating  the 
voluntary  motor  impulse  to  the  motor  fibres 
of  the  medulla.  They  also,  perhaps,  con- 
vey to  the  cerebellum  a  knowledge  of  the  j 
state  of  the  muscles,  d,  d,  the  transverse 
fibres  of  the  pons  Varolii,  which  form  the 
communication  between  the  two  liulves  of 
the  cerebellum,  and  probably,  also,  assist  in 
imparting  tht-  vohmtary  motor  stimulus  to 
the  medullary  fibres,  c,  /,  communicating 
fibres  between  the  cerebellum  and  cephalic 
ganglia,  and  through  these  with  the  cere- 
brum. 

E,  E,  The  nerves  of  the  special  senses 
proceeding  to  the  cephalic  ganglia. 

F,  F,  The  spinal  cord,  each  lialf  shewing 
a  motor  fibre  proceeding  to  the  jieriphery, 
and  a  sensitive  fibre  proceeding  to  the  brain. 

G,  G,  Two  spinal  nerves,  each  containing 
a  sensitive  and  motor  fibre. 

It  is  proper  to  observe  that  the  pre- 
valent opinion  respecting  the  connec- 
tion of  the  cerebellum  witli  voluntary 
motor  power  rests,  in  a  great  measure, 
upon  experiments  performed  on  living 

"  On  tills  hc.'id,  and  on  the  course  of  the 
nervous  fibres  generally,  the  reader  will  find 
much  infonnation  in  tlie  admirable  work  of 
Professor  KiiUiker  on  Microscopical  Ana- 
tomy. 

t  Mikroskopische  Anatomic,  vol.  ii.,  p. 
4Gi. 
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animals.  }5ut  as  these  must  of  necessity 
be  attended  by  the  lesion  of  other  struc- 
tures, capable,  possibly,  of  giving  rise 
to  the  phenomena  from  which  the  in- 
ference is  drawn,  we  cannot,  in  the 
present  state  of  our  knowledge,  impli- 
citly rely  upon  the  results  so  obtained. 
To  a  certain  extent  the  theory  is 
supported  by  observations  made  in 
disease ;  but  neither  can  wc  regard  this 
source  of  information  as  by  any  means 
conclusive,  since  cases  of  cerebellar 
disease  occasionally  occur,  unaccom- 
panied by  impairment  of  the  motor 
functions.  Finally,  the  observations  of 
comparative  anatomists,  though  like- 
wise tending  to  give  the  theoi'y  sup- 
port, cannot  be  received  as  decisive 
evidence  concerning  the  functions  of 
the  cerebellum  in  man.* 

But  whatever  may  bo  ultimately 
established  in  regard  to  this  matter, 
it  appears  certain  that  at  least  a  por- 
tion of  the  cerebellum  is  the  organ  of 
the  sexual  propensity.  Numerous  ob- 
servations in  man  and  the  mammalia 
ha\  e  placed  this  function  beyond  all 
reasonable  doubt;  but  the  question, 
what  parts  of  the  cerebellum  are  ap- 
l)i'opriated  to  it,  or  in  what  manner 
the  motor  and  amative  functions  may 
be  supposed  to  co-exist  in  the  whole 
organ  as  modifications  of  one  funda- 
mental power,  remains  to  be  solved  by 
future  investigators.  For  information 
on  the  latter  f  unction,  we  refer  to  the 
volumes  mentioned  below.f 

We  shall  now  endeavour  to  make  a 
practical  application  of  this  rapid  sur- 
vey of  the  nervous  system,  as  a  guide 

»  Some  interesting  facts  in  regard  to  (lie 
certliclla  of  fislios  will  be  found  in  Owen's 
Lectures  ou  the  Vertebrate  Animals,  vol.  i. 
p.  188. 

+  On  tlio  Fiinction.<!  of  tlio  Cerebellum, 
by  Drs  Gall,  Vimont.  anil  Brou.ssais.  Trans- 
lated from  the  French  by  George  Combe; 
Edinburgh,  1838. 

Observations  on  Jlentiil  Derangement, 
by  .\ndrew  Combo,  M.D.,  pp.  KU  and  248. 
Edinburgh,  1831. 

The  Brain  and  its  Physiology  :  a  Critical 
Disnuisilion  on  the  Methods  of  determining 
the  Relations  .subsisting  between  the  .Struc- 
ture and  Finictions  of  the  Encepbalon.  By 
Daniel  Noble.  Pp.  135-HC.  London,  1846. 


to  the  explanation  of  the  nervous  phe- 
nimiena  pi'csented  by  the  hujiiaii  mind. 
The  reader  is  probably  convinced  by 
what  has  been  said,  that  the  brain 
cannot  be  truly  regarded'  as  a  single 
organ,  but  is  composed  of  various  parts, 
each  exercising  its  own  independent 
function.  Thus,  we  liave  seen  that 
the  presence  of  the  cerebrum  is  not 
necessary  for  the  production,  of  the 
sensation  of  light,  although  it  is  re- 
quired to  produce  conscious  siglit.  The 
frog  leapt  upwards,  guided  by  the 
impression  produced  on  its  cephalic 
ganglia,  but  it  had  nevertheless  no 
consciousness  of  seeing.  In  somnam- 
bulism an  approach  to  a  similar  condi- 
tion is  observed.  The  cerebellum  and 
automatic  brain  are  awako,  while  the 
cerebrum  is  asleep;  and  the  somnam- 
bulist is  guided  in  a  state  of  uncon- 
sciousness over  the  most  dangerous 
paths  by  the  impression  of  the  light 
upon  the  cephalic  ganglia.*  But  there 
is  this  difference,  that  in  the  sleep- 

Somnambulists  arc  frequently  de- 
scribed as  walking  with  shut  eyes.  Shak- 
speare,  in  his  description  of  Lady  Macbeth, 
is  more  true  to  nature  : — 

"  Gentlcwvman.  Since  his  majesty  went 
into  the  tield,  I  have  seen  her  rise  from  her 
bed,  throw  her  nightgown  upon  her,  unlock 
her  closet,  take  foi  tli  paper,  fold  it,  write 
upon't,  read  it,  afterwards  seal  it,  and  again 
return  to  bed ;  yet  all  this  while  in  a  most 
fast  sleep. 

Doctor.  A  great  perturbation  in  nature  ! 
to  receive  at  once  the  benefit  of  sleep,  and 
do  the  effects  of  watching!  In  this  slumbery 
agitation,  besides  her  walking  and  other 
actual  performances,  what,  at  any  time, 
have  you  heard  her  s;vy  ? 

Gent.  That,  Sir,  which  I  will  not  report 
after  her. 

Doct.  You  may,  to  mc  :  and  'tis  most 
meet  you  should. 

Oent.  Neither  to  you,  nor  any  one  ;  hav- 
ing no  witness  to  coutirm  niy  speech. 

Enter  Lady  Macbeth,  with  a  taper. 
Lo  you,  here  she  comes  !    This  is  her  very 
guise  ;  and,  upon  my  life,  fast  asleep.  Ob- 
serve her :  stand  close. 

J>oct.  How  cnme  she  by  that  light  ? 

Gent.  Why,  it  .stood  by  her.  She  has 
light  by  her  coutinually ;  'tis  her  com- 
mand. 

Doct.  Yoti  see,  her  eyes  are  open. 
Gad.  Ay,  but  their  sense  is  shut." 

Macbeth,  Act  v..  Scene  1. 
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walker  the  mental  brain  is  in  general 
partially  awake,  and  it  is  the  stimulus 
derivedfrom  the  waking  portion  which 
rouses  the  cerebellum  and  the  auto- 
matic brain  to  action.  Hence  the  som- 
nambulist fre((uently  has  in  view  the 
attainment  of  some  object  with  which 
in  the  normal  waking  stato.  histhoughts 
have  been  much  occupied.  -Still  there 
is  no  conscious  sight,  properly  so  called ; 
for  it  is  only  when  he  is  roused  that 
he  becomes  aware  of  the  presence  of 
surrounding  objects,  and  recognises,  it 
may  be,  the  danger  olf  his  position. 
The  day-dreamer,  again,  is  allied  to 
the  sonniambulist.  When  the  mind  is 
intensely  occupied,  the  souses  watch 
over  the  safety  of  the  individual,  al- 
most, it  may  be  said,  without  his  con- 
sciousness. The  eye  detects  obstacles 
in  his  path,  the  ear  recognises  sounds 
behind  him,  and  makes  him  uncon- 
sciously turn  aside ;  and  after  a  certain 
time  he  is  roused  up  by  finding  him- 
self at  his  destination,  but  cannot  tell 
how  he  has  reached  it.  It  is  worthy 
of  remark  that  the  cerebrum  may  after- 
wards recognise  impressions,  of  which, 
at  the  moment  of  their  production,  it 
seemed  unconscious.  The  physical  eye 
of  a  person  absorbed  in  thought,  for 
instance,  may  see  an  object  of  which, 
at  the  time,  there  is  no  mental  percep- 
tion, but  of  having  seen  which  he 
becomes  conscious  as  soon  as  the  train 
of  thought  has  passed  away. 

A  curious  case,  mentioned  by  Dr 
Cowan  of  Reading,  affords  a  good 
illustration  of  some  of  the  preceding 
doctrines,  and  exemplifies,  in  particu- 
lar, the  action  of  light  and  sound  as  the 
oause  of  reflex  action.  In  a  letter  ad- 
dressed to  Dr  Laycock,  he  says  :  "  I  am 
now  attending  a  lady  who  evinces  the 
reflex  visual  and  auditory  phenomena 
very  strikingly.  The  shadow  of  a  bird 
crossing  the  window,  though  the  blind 
and  bed-curtains  are  closed,  the  dis- 
placement of  the  smallest  portion  of 
the  wick  of  a  candle,  the  slightest 
changes  in  the  firelight,  induce  a  sud- 
den jerking  of  the  spinal  muscles, 
extending  to  the  arms  and  legs  when 
violent,  and  this  without  the  slightest 
mental  emotion  of  any  kind,  beyond  a 
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consciousness  of  tlie  movement.  At 
times  the  vocal  organs  are  implicated, 
and  a  slight  cry,  quite  involuntary, 
takes  place.  At  these  periods  she  is 
equally  susceptible  of  all  noises,  espe- 
cially the  least  expected  and  least 
familiar.  Movements  in  the  next 
house,  inaudible  to  others,  the  slightest 
rattle  in  the  lock  oi'  the  door,  tearing 
a  morsel  of  paper,  and  a  thousand 
little  sources  of  sound  not  to  be  cata- 
logued, induce  similar  results  to  visual 
impressions.  Tactile  sensibility  is  also 
great  at  these  periods,  though  not  to  . 
an  equal  extent.  Those  peculiarities 
rapidly  vary,  and  at  times  she  is  quite 
able  to  bear  any  amount  of  light  or 
noise.  Her  mental  powers  are  good,  i 
and  she  can  exert  considerable  power  , 

over  herself.  The  sensorial  : 

impression,  and  the  motion  consequent  ; 
upon  it,  appear  irrespective  of  any  : 
painful  sensation  or  mental  emotion,  i 
and  are  only  noticed  -by  the  patient  in  ; 
consequence  of  the  resulting  move-  ; 
ment.  I  have  very  closely  questioned  ' 
and  observed  on  these  points,  and  have  j 
no  doubt  that  under  certain  states  of 
health,  the  slightest  conceivable  influ- ' 
ences  affecting  either  the  eye  or  ear,  i 
under  the  circumstances  I  have  de-  , 
scribed,  do  induce,  apart  from  all  i 
pain  or  mental  intervention,  sudden  | 
contraction  of  the  spinal  muscles,  ! 
in  a  perfectly  similar  manner  to  | 
the  contraction  following  the  ap-  ' 
plication  of  a  stimulus  to  a  paralysed  i 
limb."*  ! 

We  have  likened  the  automatic  brain  ' 
to  an  instrument  which  acts  in  obedi-  ■ 
ence  to  stimuli  derived  from  various 
sources.    These  stimuli  vary  in  nature  , 
according  to  the  molecular  structure  of 
the  nervous  filaments  which  conduct 
them.    If,  for  example,  we  pinch  a 
nerve  of  common  sensation,  certain  re- 
flex movements  are  produced,  because 
we  have  applied  to  the  nerve  a  stimu- 
lus which  it  is  capable  of  transmitting. 
But  if,  on  the  other  hand,  we  irritate 
the  nervous  substance  of  the  cerebrum, 
no  muscular  action  ensues,  because  the 
cerebral  filaments  are  constructed  to 

»  Lancet.  1845,  vol.  ii.,  p.  364. 
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convey  only  the  stimulus  which  results 
from  cerebral  or  mental  action.  This 
mental  stimulus  varies  with  the  part  of 
the  cerebrum  which  is  in  action,  and 
according  to  the  degree  of  the  cerebral 
excitement. 

The  cerebrum  accordingly  is  com- 
posed of  a  variety  of  distinct  parts, 
each  having  its  own  appropriate  func- 
tion, and  generating  a  nervous  power 
peculiar  to  itself.  In  its  anterior  re- 
gion are  the  organs  of  the  intellectual 
fiiculties,  and  in  the  superior  region 
those  of  the  moral  feelings  ;  and  it  is  as 
impossible  for  one  portion  of  the  cere- 
brum to  undertake  the  office  of  another 
portion,  as,  it  is  for  the  cerebellum  to 
jjerform  the  functions  of  the  cerebrum, 
or  for  the  cerebrum  to  perform  those 
of  the  medulla  oblongata. 

The  fact  has  already  been  noticed, 
that  a  ludicrous  idea  may  prove  so 
strong  a  stimulus  as  to  overcome  the 
counteracting  stimulus  of  the  will ; 
and  the  same  remark  is  applicable  to 
the  action  of  many  emotional  stimuli. 
Thus,  in  anger  the  voice  becomes  tre- 
mulous and  husky,  and  we  strive  in 
vain  to  assume  a  calm  unmoved  tone. 
In  cases  of  danger,  the  play  of  the 
muscles  of  the  countenance  betrays 
our  mental  feelings,  notwithstanding 
our  utmost  efforts  to  appear  uncon- 
cerned. Joy  shortens  the  face  and 
grief  lengthens  it,  according  to  the 
stimulus  transmitted  from  thecerebrum 
to  the  automatic  brain  ;  and  the  laugli- 
ter  and  the  sobbing  which  accompany 
these  two  mental  conditions  are  as  de- 
cidedly reflex  movements  as  is  the 
scratching  of  the  side  of  the  decapi- 
tated alligator  on  mechanical  irrita- 
tion of  its  skin.  To  a  certain  extent, 
reflex  movements  having  their  origin 
either  in  physical  or  mental  stimuli 
are  under  the  control  of  volition.  AV'e 
may,  for  example,  by  an  effort  of  the 
will,  check  the  natural  or  reflex  im- 
pulse to  close  the  eye  on  the  approach 
of  a  foreign  body  ;  and  in  like  manner 
we  may  prevent  the  appearance  on  our 
countenance  of  the  reflex  results  of  joy 
or  fear.  But  we  can  do  so  only  by  the 
substitution  of  a  stronger  mental  stimu- 
lus; that  is,  by  causing  the  will  to 
prevail  over  the  emotion. 


The  consideration  of  this  subject 
naturally  leads  us  to  endeavour  to 
elucidate  the  phenomena  of  volition 
and  self-control.  In  a  normally  con- 
stituted brain,  the  power  of  acting 
according  to  the  choice  of  the  will  may 
be  termed  the  result  of  such  a  har- 
monious action  of  the  component  parts 
of  the  cerebrum,  that  no  individual 
part  shall  acquire  excessive  energy. 
When  this  harmony  is  disturbed  by 
the  over-action  of  some  one  part  of  the 
cerebrum,  the  will  may  lose  its  ascen- 
dency, and  an* involuntary  action  may 
ensue.  For  instance,  in  the  case  of  the 
ludicrous  idea,  already  repeatedly  re- 
ferred to,  the  power  of  the  will  to 
control  our  laughter  may  be  more  than 
neutralised  by  the  powerful  stimulus 
which  has"been  a])plied  to  that  part  of 
tlie  cerebrum  which  is  connected  with 
the  feeling  of  the  ludicrous ;  till  the 
will  is  reinforced  by  the  opposite  action 
of  some  other  part  of  the  cerebrum, 
manifested  by  such  feelings  as  the  fear 
of  giving  offence,  the  dread  of  punish- 
ment, a  sudden  fright,  &c.  The  laugh- 
ter is  then  checked  in  a  moment, simply 
because  the  new  cerebral  action  en- 
ables the  will  to  prevail.  In  the  case 
of  any  interse  impulse,  we  are  hurried 
on  to  action  by  a  cerebral  stimulus 
which  may  result  in  a  voluntary  act, 
but  which  does  so  only  while  we  can 
restrain  the  mental  action  by  the  aid 
of  other  portions  of  the  cerebrum. 
Thus,  one  choleric  man  may  be  carried 
away  by  overpowering  passion  to 
commit  some  deed  of  violence  ;  while 
another,  equally  choleric,  may  be  re- 
strained by  the  foresi'jht  and  fear  of  the 
consequences — that  is,  by  states  of  mind 
implying  a  counteracting  cerebral 
action.  This  difference  of  behaviour  is 
the  result  of  the  greater  development 
or  activity  of  the  organs  of  the  reason- 
ing faculties,  and  of  Cautiousness,  in 
the  one  than  in  the  other;  and  thus 
the  one  is  more  capable  than  the  other 
of  "  doing  what  he  would." 

The  direction  which  the  will  takes 
is  greatly  dependent  on  the  predomi- 
nance and  cultivation  of  certain  of  the 
cerebral  organs.  The  original  confor- 
mation of  a  man's  brain  and  the  educa- 
tion which  he  has  received  cause  him 
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to  adopt  certain  views,  and  to  be 
mainly  actuated  by  certain  desires  and 
inclinations  ;  while  a  different  sort  of 
education  or  a  differently  constituted 
brain  causes  another  man  to  adopt  en- 
tirely opposite  views,  and  to  follow 
opposite  inclinations.  Neither  of  these 
men  can  at  will  change  his  views  or 
desires,  but  both  may  nevertheless  be 
induced  by  some  counter  influence  to 
act  in  direct  antagonism  to  them.  It 
may  be  against  a  man's  convictions  of 
duty  to  fight  a  duel,  and  yet  he  may  be 
led  to  do  so  by  pride,  or  by  the  fear  of 
being  considered  a  coward.  Here  one 
cerebral  action  prevails  over  another  ; 
but  in  cases  where  the  two  actions  are 
nearly  of  equal  power  the  individual 
remains  in  a  state  of  indecision,  now 
leaning  to  this  side  and  now  to  that,  and 
is  probably  at  last  determined  in  his 
choice  by  a  new  cerebral  organ  being 
roused  to  action.  On  the  other  hand, 
where  all  parts  of  the  cerebrum  act  in 
concert,  and  especially  when  their  ac- 
tion is  highly  excited,  the  will  ac- 
quires an  energy  and  decision  which 
imparts  a  stimulus  of  the  most  power- 
ful kind  to  the  automatic  system,  and 
which  shews  itself  in  the  quick  and 
ready  action  of  the  muscles. 

During  the  waking  state  the  cere- 
bral ner\  ous  power  exerts  a  constant 
influence  on  tlie  automatic  system, 
which  acts  in  obedience  to  the  stimu- 
lus thus  received.  Consequently  the 
prevailing  cerebral  action  is  exhibited 
in  the  manner  and  deportment  of  the 
individual.  Beauty  of  expression  is 
thus  the  involuntary  representative  of 
a  beautiful  mind,  while  a  malignant 
expression  proclaims  the  malevolent 
passions  which  habitually  hold  sway 
within.  In  the  same  way,  whenever 
any  particular  portion  of  the  cerebrum 
is  roused  to  action,  we  find  it  for  the 
moment  give  law,  as  it  were,  to  tlie 
automatic  system.  It  is  thus  that 
those  natural  expressions  originate, 
which  are  the  same  among  every  jieople, 
and  in  every  clime.  The  pathognomy 
or  natural  language  of  pride,  of  anger, 
of  fear,  of  affection,  of  determina- 
tion, of  vanity,  is  everywhere  and  at 
all  times  alike,  and  its  meaning  is  uni- 
versally understood.    The  body  thus 


automatically  expresses  the  operations 
of  the  mind,  and  laughter  and  weep- 
ing arc  as  certainly  associated  with  a 
mental  stimulus  applied  to  the  spinal 
centres,  as  coughing  is  with  a  physical 
stimulus  applied  to  the  peripheral  ex- 
tremities of  the  nerves,  and  by  them 
conveyed  to  the  same  sjjinal  centres. 

When  a  part  of  the  brain  becomes 
excited  from  dUease,  or  habitual  over- 
exertion, the  controlling  power  of  the 
will  is  greatly  diminished  or  alto- 
gether lost,  and  a  man  may  then  cease 
to  be  a  responsible  being.  He  who 
commits  murder  or  theft  under  the 
stimidus  of  morbid  cerebral  excite- 
ment, cannot  be  accounted  morally 
guilty.  His  subjection  to  the  irresis- 
tible morbid  stimulus  is  not  more  cul- 
pable than  his  inability  to  resist  the 
cough  occasioned  by  water  getting 
into  his  wind-pipe.*  But  a  man  is 
culpable  if,  knowing  his  besetting  sin, 
he  does  not  try  in  time  to  combat  it. 
This  may  be  done  by  change  of  cir- 
cumstances, by  the  removal  of  exciting 
causes,  by  carefully  restraining,  as 
much  as  possible,  the  action  of  the  ex- 
cited organ ;  and,  finally,  by  diligently 
cultivating  those  parts  of  the  brain 
which  either  exercise  an  opposing 
action,  or,  by  withdrawing  the  nervous 
energy  froih  the  excited  organ,  tend 
to  allay  its  vivacity.  Much  may  be 
done  in  youth  to  remedy  a  naturally 
defective  character,  by  giving,  as  it 
were,  good  habits  to  the  brain,  and  en- 
abling it  to  resist  the  approaches  of 
disease  or  crime ;  and  we  daily  see 
how  much  may  be  accomplished,  even 
in  mature  years,  by  judicious  dis- 
cipline in  lunatic-asylums  and  pri- 

•  This  view  may  be  startling  to  some 
re.iilers,  but  is  familiar  to  all  who  are 
practically  acquainted  with  the  insane. 
For  elucidations  of  it,  see  Plironological 
Journal,  xv.  63;  xvi.  184,  3SC  ;  xvii.  32; 
xviii.  375  ;  xix.  227,  249  ;  xx.  1C3  :  also 
Gall  on  the  Functions  of  the  Brain,  vol.iv. 
pp.  99,  221 ;  the  works  of  Pincl,  Spurzheim, 
rrieliard,  Conolly,  Browne,  and  Thurnam, 
on  Insanity ;  Rush  on  the  Influence  of 
Physical  Causes  upon  the  Movul  Faculty  ; 
Sampson  on  Criminal  Jurisprudence  con- 
sidered in  Relation  to  Mental  Organiza- 
tion ;  and  the  Author's  Observations  on 
Mental  Derangement,  p.  237. 
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sons  in  restoring  a  healthy  mental 
condition.* 

Such  being  the  action  of  the  cere- 
brum on  the  mechanism  of  the  body, 
it  is  but  natural  to  expect  that  when 
from  original  malformation,  from  dis- 
ease, or  from  the  contact  of  poison- 
ous substances  conveyed  to  it  in  the 
blood,  its  action  is  destroyed,  its  re- 
flex action  on  the  muscular  system 
will  be  destroyed  likewise.  Accor- 
dingly we  find  that  in  cretinism,  in 
apoplexy,  and  in  cases  of  narcotic 
poisoning,  all  play  of  the  countenance 
— all  expression — is  lost ;  because  the 
adequate  cerebral  stimulus  is  no  longer 
transmitted  to  the  automatic  system. 
To  a  less  extent,  the  same  effect  is  seen 
in  ordinary  sleep.    In  such  cases  man 
approaches  to  the  condition  of  the 
lower  animals ;  his  cerebrum  is,  in 
effect,  diminished  or  removed,  and,  as  a 
consequence,  the  reflex  movements  de- 
pendent on  irritation  of  the  peripheral 
extremities  of  the  nerves,  acquire  in- 
creased scope  from  being  no  longer 
under  the  control  of  cerebral  action. 
For  this  reason  such  reflex  movements 
are  more  decided  during  sleep  than 
in  the  waking  state,  and  are  much 
stronger  in  decapitated  than  in  un- 
mutilated  animals.    In  children,  too, 
convulsions,  or  irregular  reflex  move- 
ments from  the  irritation  of  worms, 
&c.,  are  much  more  frequent  than  in 
adult  age,  because  the  cerebrum  is  less 
perfectly  constituted  in  childhood,  and 
consolidates  only  by  slow  degrees. 

We  have  already  seen  that  the 
cerebrum  has  proportionally  a  much 
greater  development  and  influence  in 
man  than  in  the  lower  animals.  Con- 
sequently the  latter  are  much  more 
automatic  in  their  movements,  and 
much  less  under  the  guidance  of  the 
cerebrum.  Indeed  when  we  descend 
suflSciently  low  in  the  scale,  the  cere- 
brum disappears  entirely,  and  the  ani- 
mal  then  becomes  a  mere  automaton, 
which  acts  in  obedience  to  the  innate 
powers  of  its  nervous  system  without 

*  See  a  little  work  entitled  "  On  Man's 
Power  over  himself  to  prevent  or  control 
Insanity.  By  the  Rev.  John  Barlow,  M.A." 
London,  1843. 


any  choice  or  will  in  the  matter.  The 
chick,  when  it  chips  its  shell,  and  im- 
mediately runs  to  pick  up  its  food, 
seems  to  act  automatically ;  but  the 
chick  has  still  a  cerebrum,  and  is, 
therefore,  not  so  much  an  auto- 
maton as  the  bee,  which,  without 
manifesting  any  symptoms  of  intelli- 
gence, everywhere  forms  its  comb  and 
collects  its  honey  according  to  the 
same  undeviating  laws.  But  in  man, 
who  acts  in  obedience  to  the  dictates 
of  the  cerebrum,  the  muscular  actions 
of  adaptation  are  more  the  result  of 
practice  than  of  originally  implanted 
power.  Even  walking  must  be  so 
acquired,  and  we  see,  in  the  act  of 
writing,  a  familiar  proof  that  much 
practice  and  study  are  necessary  to 
enable  the  cerebrum,  through  the  in- 
strumentality of  tlie  cerebellum,  to 
communicate  to  the  automatic  nervous 
centre  the  precise  amount  of  stimulus 
required.  By  long  practice  the  auto- 
matic centre  acquires  so  great  a  faci- 
lity in  performing  the  behests  of  the 
cerebrum,  that  we  almost  cease  to  trace 
in  them  the  action  of  the  will.  For 
instance,  when  we  are  engrossed  by 
thought,  our  fingers,  almost  uncon- 
sciously to  us,  trace  the  letters  with 
the  pen.  Such  habitual  movements, 
from  the  constant  and  unvarying  way 
in  which  they  are  performed,  might 
almost  be  termed  the  acquired  auto- 
matic. In  man,  however,  no  movement 
is  beyond  the  cerebral  influence,  how- 
ever closely  it  may  approach  the  pure 
automatic;  and  without  the  related 
cerebral  stimulus  certain  modifica- 
tions of  action  cannot  be  acquired  : 
thus,  a  man  very  deficient  in  musical 
ability,  cannot  learn  to  modify  his 
muscular  action  so  as  to  produce  good 
music  on  the  violin  or  piano.  Of  the 
inevitable  effects  of  cerebral  influence 
on  the  automatic  movements  we  have 
evidence  in  the  involuntary  sobbing 
of  grief,  which  interrupts  the  action 
of  the  respiratoi-y  muscles ;  and  in  the 
palpitation  of  the  heart  which  accom- 
panies mental  emotion. 

In  states  of  great  excitement,  either 
the  cerebral  stimulus  is  erroneously 
communicated  to  the  automatic  centre, 
or  the  power  of  communicating  it 
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is  altogether  lost.  In  such  cases, 
either  inappropriate  muscular  con- 
tractions, or  none  at  all,  are  produced. 
The  most  familiar  example  of  this 
is  the  stammering  or  loss  of  speech 
which  accompanies  great  mental  ex- 
citement and  the  simultaneous  action 
of  opposite  emotions.  It  also  occa- 
sionally happens  that  the  automatic 
centres  are  in  such  a  state  of  morbid 
excitement,  that  the  slightest  stimulus, 
whether  mental  or  physical,  suffioes 
to  throw  the  body  into  convulsions. 
Thus,  in  hydrophobia,  even  the  stimu- 
lus of  a  breath  of  air  on  the  surface, 
or  the  mental  state  produced  by  the 
sight  of  water,  is  sufficient  to  cause  the 
most  violent  convulsive  paroxysms. 

We  know  that  the  mental  brain  is 
capable  of  education ;    and  there  is 
every  reason  to  think  that  this  capa- 
bility is  enjoyed  likewise  by  the  auto- 
matic centres.    In  no  other  way  can 
we  satisfactorily  explain  the  habitual 
and  almost  unconscious  performance  of 
acts  which  were  learned  at  first  with 
much  conscious  effort.  When  we  try  to 
write  with  the  left  hand,  we  find  that 
the  will  alone  is  not  sufficient  to  pro- 
duce our  usual  style  of  writing.  We 
must  have  an  educated  and  practised 
instrument  capable  of  carrying  into 
effect  the  mandates  it  receives  from 
the  will ;  and  this  power  is  evidently 
de2)endent  partly  on  the  nervous  and 
partly  on  the  muscular  system.  The 
nervous  centres  must  be  taught  to 
select  the  particular  nervous  fibres 
necessary  to  carry  the  required  stimu- 
lus, and  the  muscles  be  educated  to 
respond  correctly  to  the  stimulus  con- 
veyed to  them.    That  this  is  really  a 
matter  of  education,  appears  from  the 
difficulty  which  we  at  first  experience 
in   performing  separately  muscular 
contractions  which  are  usually  asso- 
ciated ;  as,  for  instance,  when  we  en- 
deavour to  move  the  ring-finger  apart 
from  all  the  others.    It  appears  also 
from  the  difficulty  which  some  indivi- 
dualsexperience  in  directing  the  motor 
stimulus  to  the  proper  fibres  in  arti- 
culating, and  which  thus  produces 
habitual  stammering.    This  defect  is 
capable  of  removal  when  the  attention 
is  strongly  directed  towards  it,  and  a 
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powerful  voluntary  effort  is  made  to 
pronounce  slowly  and  deliberately. 
By  an  effort  of  the  will  we  may  dis-  } 
guise  our  habitual  handwriting;  but  , 
in  both  cases,  when  the  mir.d  is  othei'-  | 
wise  engaged,  and  the  attention  with-  i 
drawn,  the  habitual  style  of  writing 
and  the  habitual  stuttering  return. 
The  permanent  removal  of  the  latter 
•can  be  effected  only  by  an  effort  which 
is  continued  till  the  habit  of  correct 
speaking  overcomes  tiie  habit  of  stam- 
mering. In  early  childhood  this  may 
be  accomplished  with  tolerable  faci- 
lity, but  at  a  later  age  the  struggle 
sufficiently  to  command  the  attention 
is  generally  inefi'ectual.  It  is,  there- 
fore, of  the  utmost  consequence  to 
check  at  once,  and  most  decidedly, 
every  indication  in  a  child  to  stam- 
mer, which  it  frequently  does  from 
imitation.  Squinting  also  occasionally 
originates  in  imitation  or  trick,  and 
accordingly  may  often  be  checked  at 
the  beginning,  by  firmness  on  the  part 
of  the  parent,  before  tlie  tendency  be- 
comes confirmed. 

If  we  allow  the  capability  of  educa- 
tion to  the  automatic  brain,  it  will 
explain  also  the  performance  of  many 
movements  of  adaptation  during  sleep 
and  in  states  of  unconsciousness,  which 
cannot  be  the  result  of  mere  reflex 
action;  such  as,  of  drawing  up  the 
bed-clothes  to  cover  a  part  which  has 
been  accidentally  exposed,  changing 
the  position  in  bed,  and  so  on. 

Prom  the  consideration  of  the  ner- 
vous centres  we  pass  to  that  of  the 
NEEVES,  through  wliicli  these  centres 
issue  their  mandates,  and  receive  the 
knowledge  of  external  impressions. 
They  are  seen  in  the  woodcut  (fig  24) 
passing  from  the  nervous  centres  to 
every  part  of  the  body ;  and,  in  fig. 
18,  p.  230,  which  exhibits  the  base  of 
the  brain,  the  cerebral  nerves  may  be 
seen  arising  from  the  medulla  oblon- 
gata and  cephalic  ganglia.  Of  these 
the  long-looking  nerve  a  a  (fig.  18), 
lying  on  the  lower  surface  of  the  an- 
terior lobe,  is  the  olfactory  nerve,  or 
nerve  of  smell,  going  to  the  nose.  The 
round  thick  nerve  4  4,  near  the  roots 
of  the  former,  is  the  ojnic  nerve,  or 
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nerve  of  vision,  going  to  the  eye.  That 
marked  b  is  the  motor  ncrvs  which 


supplies  the  muscles  of  the  eyeball.  A 
little  farther  back,  the  fifth  pair  c  is 
Ficr.  21. 


«f,  tlie  Cfrehrum ;  b,  the  cerebellum  ;  c, 
the  spinal  cord,  giving  off  the  various  spinal 
nerves  as  it  descends ;  d,  the  facial  nerve  ;  e, 
the  brachial  plexus  formed  by  tlie  junction 
of  several  spinal  nerves ;  /,  g,  h,  i,  nerves 
of  the  arm  and  forearm;  j,  intercostal 


nerves;  7,-,  the  lumbar  plexus;  and  I,  the 
sacral  plexus,  formed  by  the  junction  of 
several  spinal  nerves.  The.  latter  gives  off 
the  great  sciatic  nerve  which  divides  into 
m,  n,  0,  the  nerves  of  the  leg. 
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seen  to  issue  apparently  from  the  arch 
D,  called  pons  Varolii.  It  is  a  large 
compound  nerve,  and  divides  into 
three  branches,  which  are  ramified  on 
almost  all  the  parts  connected  with 
the  head  and  face,  and  the  upper  and 
under  jaw.  It  comprehends  fibres  of 
both  sensation  and  motion,  and  one 
branch  of  it  ramified  on  the  tongue  is 
by  many  supposed  to  be  the  nerve  of 
taste.  Other  branches  supply  and  give 
sensibility  to  the  teeth,  glands,  and 
skin.  The  seventh  or  auditoni  nerve 
e,  is  distributed  on  the  internal  ear, 
and  serves  for  hearintr.    The  eighth 

!  or  pneumogastric  nerve  d,  sends  fila- 
ments to  the  windpipe,  lungs,  heart, 
and  stomach,  and  is  one  of  great  im- 
portance in  the  production  of  the  voice 

I  and  respiration.  It  also  influences 
the  action  of  the  lieart,  and  the  process 
of  digestion.  These  various  nerves 
are  also  seen  in  fig.  21,  p.  233.  The 
uses  of  the  spinal  nerves  have  already 

,  been  explained  in  the  chapter  on  the 

;  muscles,  page  92. 

Various  nerves,  then,  it  appears, 
have  various  functions,  which  are  de- 
pendent partly  on  the  nature  of  their 
peripheral  expansion,  partly  on  the 
structure  of  the  nerves  themselves, 
but  principally  on  the  central  gangli- 
onic body  in  which  they  terminate. 
Thus,  in  order  to  ensure  sight,  the  im- 
pression of  light  must  be  received  by 
the  retina,  and  be  transmitted  by  the 
optic  nerve  to  the  optic  lobes  of  the 
brain  (part  of  the  cephalic  ganglia), 
which  alone  are  capable  of  taking  cog- 
nisance of  it,  and  converting  it  into 
sight.  Even  supposing  that  light 
could  produce  an  impression  upon  any 
other  nerve,  and  that  this  impression 
could  be  propagated  to  the  brain,  still 
no  sight  would  be  produced,  because 
the  centre  which  received  the  impres- 
sion would  be  that  specially  apper- 
taining to  the  stimulated  nerve,  and 
would  respond  to  the  stimulus  accord- 
ing to  its  own  laws  of  action,  but  re- 
main incapable  of  assuming  the  func- 
tions of  any  other  centre.  According 
to  this  view,  it  is  physically  impossi- 
ble that  the  functions  of  the  optic 

nerve  can  be  undertaken  by  any  other 

nerve,  and  all  alleged  cases  to  this 


etfect  must  be  regarded  as  fallacies. 
Should  it  ever  be  proved  possible  to 
road  the  pages  of  a  closed  book,  or  to 
describe  the  contents  of  a  sealed  box, 
the  solution  of  the  mystery  will  pro- 
bably be  found  in  the  discovery  of 
another  sense, — such,  for  instance,  as 
tlie  power  of  recognising  the  electrical 
state  of  bodies.  We  all  know  that  a 
magnet  exercises  its  influence  through 
an  intervening  board;  and  supposing 
the  human  body  to  possess  the  means  of 
recognising  this  influence, — as  by  our 
eyes  we  possess  the  means  of  recog- 
nising light, — we  may  thus  be  enabled 
to  recognise  the  presence  of  bodies 
from  which  a  magnetic  or  electric 
force  issues,  tliough  separated  from 
us  by  opaque  media.  It  is,  however, 
extremely  improbable  that  the  human 
body  ever  has  any  such  power,  as  its 
possession  apparently  would  be  in  op- 
position to  the  natural  laws  which 
govern  the  action  of  the  other  senses. 

Before  quitting  this  part  of  the  sub- 
ject, it  may  be  useful  to  the  reader  to 
state  generally,  that  the  nerves  of  animal 
life  serve  chiefly  to  place  the  mind  and 
its  organ  the  brain  in  communication 
with  the  external  world ;  and  that 
their  importance  may  be  best  under- 
stood by  imagining  what  man  would 
be  without  them.  Suppose,  for  ex- 
ample, that  any  one  were  suddenly  de- 
prived of  the  services  of  the  nerves 
of  sight,  hearing,  touch,  taste,  and 
smell,  and  that,  retaining  all  his  in- 
ternal powers  of  emotion  and  thought 
unimpaired,  he  were,  from  the  de- 
struction of  his  muscular  nerves,  also 
to  lose  tlie  power  of  regulating  his 
own  movements,  what  would  be  the 
result,  and  how  long  could  he  exist  ? 
Is  it  not  clear  that  he  would  be  left  in 
the  midst  of  creation  in  a  darkness, 
silence,  and  death,  compared  with 
which  the  awful  solitude  of  "  the  last 
man"'"  would  be  a  pleasurable  and  so- 
cial crowd  ?  Without  nerves  to  con- 
vey to  the  bi-ain  the  impressions 
derived  fi-om  external  objects,  no  in- 
terchange whatever  of  thought  or 
feeling  could  take  place  between  man 
and  man,  and  no  image  from  without 
ever  reach  the  mind.  Unless  the 
nerves  of  sight  and  hearing  announce 
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to  our  consciousness  the  entrance  of 
our  friend,  wo  must  rernain  un- 
moved and  unaftected  by  his  ])re- 
sence  ;  and  unless  the  muscular  nerves 
were  ready  to  obey  the  commands  of 
the  will,  we  could  no  more  extend  a 
hand  to  welcome  him  or  give  expres- 
sion to  our  joy,  than  if  we  lay  in  a 
swoon  powerless  at  his  feet.  In  this 
way  the  mind  and  body  arc  equally 
dependent  on  each  other.  Without  a 
brain  to  think,  and  nerves,  muscles, 
and  bones  to  execute,  the  mind  would 
be,  so  far  as  we  arc  concerned,  power- 
less and  useless.  And,  on  the  other 
hand,  these  organs,  without  mind  to 
guide  and  direct  them  in  their  exer- 
cise, would  be,  like  the  paralyzed 
limb,  an  unmeaning  and  motionless  en- 
cumbrance. 

Such,  then,  is  a  brief  outline  of  the 
uses  of  the  brain  and  nerves.  The 
study  of  the  functions  of  the  nerves 
abounds  in  interest  and  attractions  for 
every  intelligent  mind ;  but  as  their 
more  minute  investigation  would  lead 
us  too  far  from  the  objects  more  im- 
mediately in  view,  we  must,  for  the 
present,  quit  the  subject,  and  return 
to  the  consideration  of  the  brain, 
which,  as  the  organ  through  which 
all  the  mental  operations  are  carried 
on,  and  by  the  condition  of  which  they 
are  continually  influenced,  possesses 
claims  upon  our  attention  which  it  is 
impossible  to  overrate. 

As  already  ri*niarked,  all  physiolo- 
gists are  agreed  that  the  brain  is  the 
organ  of  the  mind,  and  that  during 
life  its  co-operation  is  as  indispens- 
able to  the  active  manifestations  of  the 
mental  faculties  as  the  eye  is  to  the 
sense  of  sight,  or  the  ear  to  that  of 
hearing.  But  for  practical  purposes, 
it  is  extremely  important  to  go  a  step 
farther  than  this  general  fact,  and  as- 
certain whether,  in  manifesting  the 
mind,  the  brain  acts  as  a  single 
organ  in  every  mental  operation,  or 
whether  it  is  really,  as  we  have  de- 
scribed it,  an  aggregate  of  dilferent 
parts,  each  constituting  the  organ 
of  a  distinct  power  of  the  mind,  in 
the  same  way  as  each  of  the  organs 
of  the  external  senses  is  appropriated 


to  its  special  function.  On  this  ques- 
tion, also,  there  is  now  scarcely  any 
diversity  of  opinion,  as  almost  all  ob- 
servers concur  in  considering  tlic 
latter  to  be  the  correct  view ;  and  even 
those  who  deny  the  minuter  subdivi- 
sions indicated  by  the  phrenologists, 
mostly  agree  in  rogarding  the  anterior 
lobe  as  t!ie  special  seat  of  the  intellect, 
and  the  other  parts  of  the  brain  as  the 
seat  of  the  pas.sions  and  moral  feelings. 
There  are  so  few  exceptions  to  the 
general  belief  of  these  propositions, 
that  I  consider  myself  fairly  entitled 
to  hold  them  as  established  ;  particu- 
larly as  the  phrenologists  have  suc- 
ceeded in  demonstrating  their  truth  by 
a  mass  of  evidence  which,  when  care- 
fully examined,  it  is  impossible  success- 
fully to  resist. 

If  this  were  the  proper  place  for 
the  discussion,  it  would  not  be  diffi- 
cult to  adduce  very  conclusive  evidence 
in  favour  of  the  proposition,  that  every 
primary  mental  power,  whether  of 
intellect  or  of  feeling,  has  a  portion  of 
the  brain  specially  appropriated  for 
its  own  exercise.  The  unity  of  the 
mind  itself  has  been  thought  by  some 
to  be  incompatible  with  its  acting- 
through  the  medium  of  a  plurality  of 
organs ;  but  this  argument  becomes 
entirely  w  ithout  weight  when  we  con- 
sider the  analogous  case  of  the  exter- 
nal senses,  each  of  which  has  its  own 
distinct  and  appropriate  organ — the 
eye,  the  ear,  the  nose,  &c. — although 
the  mind,  which  sees,  hears,  and 
smells,  is  a  unit.  Even  were  there  no 
other  evidence,  therefore,  the  analogy 
of  the  senses  would  itself  render  it  in 
the  highest  degi-ee  probable  that  each 
mental  faculty  acts  through  the  me- 
dium of  a  special  cerebral  organ. 
Hence,  instead  of  detaining  the  reader 
with  any  of  the  numerous  proofs 
which  might  easily  be  adduced  were 
this  the  place  for  them,  I  shall  for  the 
present  assume  the  principle  as  esta- 
blished, and  content  myself  with  one 
or  two  illustrations  of  the  expediency 
of  keeping  it  in  view  in  all  practical 
treatment  in  which  the  mind  is  con- 
cerned. 

As  man  is  constituted  at  present, 
when  any  one  of  the  five  senses  is 
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exercised  singly  and  to  excess,  it 
alone  and  its  special  organ  become 
exhausted  from  the  fatigue,  and  the 
rest  of  them  remain  as  ready  for  ac- 
tive employment  as  if  the  wliole  five 
had  been  entirely  at  rest.  Hence, 
when  we  wish  to  cultivate  acuteness 
in  any  one  sense  exclusively,  we  must 
exercise  it  frequently,  bat  never  con- 
tinue its  activity  so  long  at  one  time 
us  to  exhaust  its  energies.  By  follow- 
ing this  method  we  shall  succeed  in 
developing  the  wished  for  acuteness, 
more  readily  than  if  we  restricted  the 
exercise  exclusively  to  the  one,  and 
continued  it  without  intermission. 
Every  one  is  aware  of  tliis,  because, 
the  organs  of  the  external  senses  being 
visible,  it  is  easy  to  discover  that  one 
ov  more  may  act  while  the  rest  are  in 
repose  ;  and  that, for  example,  when  we 
are  tired  witii  looldmi  intently  at  any 
thing,  we  may  nevertheless  listen,  or 
taste,  or  smell,  with  great  pleasure  and 
refreshment.  This  arrangement  is  at- 
tended' with  the  great  advantage  not 
only  that  our  iiifoitnation  regarding 
external  objects  is  multiplied,  and  ren- 
d-,?red  accurate,  in  proportion  to  the 
number  of  senses  by  which  their  differ- 
ent qualities  arc  recognised,  but  that 
when,  from  necessity  or  inadvertence, 
any  2>articulap  organ  is  lost,  its  place 
may  in.  a/  considerable  measure  be  sup- 
plied by  augmented  action  on  the  part 
of  the  others.  In  the  same  way,  when 
'  some  faculty  of  the  mind  is  wearied 
by  long-continued  exercise,  we  tind  a 
source  of  enjoyment  in  the  exercise  of 
others.  It  is  thus,  for  instance,  thar 
the  harassed  man  of  business  finds  re- 
creation in  reading  or  in  music  ;  for 
when  tlie  mind  has  been  intently 
dwelling  on  some  particular  object,  we 
seek  distraction  not  in  simple  rest, 
but  in  exercising  those  faculties  which 
have  been  lying  quiescent.  It  was  by 
persevering  application  in  the  study 
of  the  individual  faculties  that  Dr  (-rail 
was  ultimately  enabled  to  i)lace  the 
t"ue  physiology  of  the  brain  upon 
a  solid  and  jjermanent  foundation, 
by  demonstrating  beyond  the  possi- 
bility of  reasonable  doubt  its  grand 
princi])le,  that  the  bi-aiu  is  not  a  sin- 
gle organ,  serving  as  a  v.- hole  for  the 


manifestation  of  all  the  faculties  of 
the  mind  equally,  but  is,  on  the  con- 
trary, an  aggregate  of  many  different 
parts,  each  subserving  one.  and  only 
one,  individual  mental  faculty,  ex- 
actly as  one  external  organ  subserves 
the  sense  of  touch,  another  that  of 
sight,  and  a  third  that  of  hearing — 
instead  of  a  single  orgau  being  suffi- 
cient for  all.  The  different  organs  of 
the  brain  are  not  indeed  so  distinctly 
separated  from  each  other  as  are  those 
of  tlie  external  senses;  because  their 
very  functions  require  their  conjunc- 
tion, and  not  their  separation.  The 
external  senses  are  so  distinct  in  func- 
tion tliat  we  Hiaj'  conceire  of  any 
one  of  them  acting  without  the  asso- 
ciated action  of  any  of  the  others :  we 
may  hear  without  seeing,  smelling, 
tasting,  or  touching  the  object  which 
emits  the  sound ;  or  we  may  sec  with- 
out hearing  anything.  But  the  inter- 
nal faculties  of  the  mind  are  too 
closely  connected  to  admit  of  such  iso- 
lated action,  and  it  is  impossible  for 
us  in  any  circumstances  to  call  into 
play  only  one  feeling,  or  one  intellec- 
tual faculty  at  a  time.  Do  what  we 
like,  and  check  it  as  we  may,  no  sin- 
gle internal  power  or  emotion  can 
start  into  activity  without  several 
others  being  instantly  associated  in 
the  action.  One  feeling  or  thought 
rouses  another  in  spite  of  our  utmost 
efforts  at  suppression  ;  and  hence 
guilt  or  shame,  for-  example,  is  often 
unwittingly  betrayed  by  excited  fear, 
when  the  culprit  would  almost  give 
up  life  itself  to  be  able  to  prevent  its 
exhibition.  In  exact  accordance  with 
this  mode  of  operation  of,  and  inti- 
mate union  between;,  the  internal  fa- 
culties, wc  find  that,  as  might  liave 
been  expected,  the  closest  union  sub- 
sists among  their  re.=?|)ective  organs  in 
the  brain,  and  that  it  is  as  impossible 
to  delineate  their  precise  local  boun- 
daries, although  their  situations  are. 
known,  as  it  is  to  define  the  functions 
of  each  with  mathematical  precision. 
Yet,  strange  to  say,  this  harmony  of 
relation  botv/een  structure  and  func- 
tion has  been  dwelt  upon  by  many  as 
an  insuperable  objection  toplirenology. 
The   alleged   organs,    it  is  argued. 
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cannot  be  such,  because  in  nature  we 
see  no  boundary  line  between  them. 
But  such  objections  have  been  set  aside 
by  the  progress  of  modern  physiology. 
"  Although,"  says  Professor  Valentin, 
"  the  most  numerous  intercommunica- 
tions and  reciprocal  actions  take  place 
in  the  central  oi-gans  of  the  nervous 
system,  it  is,  on  careful  examination, 
apparent  that  these  results  are  depen- 
dent on  the  action  of  particular  ner- 
vous regions,  or  perhaps  even  on  that 
of  particular  nervous  cells.  The  ele- 
mentary tissues  in  the  brain  lie  in 
close  proximity,  and  although  different 
central  organs  occupy  different  loca- 
lities, no  intervening  foreign  mass 
occurs  to  mark  their  divisions  and 
separate  the  various  regions.  But  to 
keep  the  nervous  influence  duly  regu- 
lated, and  prevent  it  from  passing 
into  purposeless  disordered  action, 
there  must  be  some  means  of  confining 
it  to  the  operation  required.  Hence 
it  is  probable  that  every  minute  de- 
partment of  the  central  nervous  sys- 
tem acts  independently,  and  that  its 
action  is  extended  either  by  propaga- 
tion along  its  own  peculiar  iibres,  or 
by  exciting  allied  nervous  cells.  It 
depends  on  the  amount  and  nature  of 
the  molecular  changes  thus  induced  how 
far  and  to  what  nervous  departments 
the  action  shall  be  communicated.'"* 
Objectors  to  these  views  forget  that  in 
the  case  of  the  nerves  of  sensation  and 
motion,  the  consentaneous  action  of 
which  is  in  most  cases  so  essential  to 
the  regulation  of  our  movements,  there 
exists  a  not  less  intimate  connection  of 
fibres  performing  distinct  functions; 
and  that  it  was  this  apparent  unity  of 
the  two  sets  of  nervous  fibres,  which  so 
long  misled  physiologists  to  the  belief 
that  the  same  nervous  fibres  served 
for  both.  This  hasty  inference  was 
arrived  at  in  opposition  to  the  physio- 
logical phenomena,  that  sensation  may 
be  lost  while  the  power  of  motion  re- 
mains, and  that  the  power  of  motion 
may  be  destroyed  while  sensation  re- 
mains undiminished. 

In  concluding  these  very  genoi-al  re- 
marks, it  is  fit  to  remind  the  reader  once 

*  Lehrbuch,  vol.  ii.,  part  2,  p.  70!1. 


more  that  the  knowledge  as  yet  accu- 
mulated of  the  nervous  system  is  most 
imperfect,  and  that  the  foregoing- 
sketch  must  be  regarded  as  but  a 
meagre  outline  of  a  subject  which  it 
would  require  volumes  to  elucidate. 
Any  further  attempt  to  do  so,  in  the 
small  space  at  our  command,  would, 
we  fear,  tend  more  to  confuse  the 
non-professional  reader  tlian  to  en- 
lighten him. 

When  we  come  to  treat  of  the  ap- 
plications of  the  physiology  of  tlie 
brain  and  nervous  system  to  the  pur- 
poses of  human  improvement,  we  shall 
])Grceive  the  importance  of  keeping 
the  principle  of  their  subdivision 
in  view  as  a  practical  guide.  At 
2>resent  I  shall  merely  remark,  that 
the  simple  axiom  now  recognised  in 
comparative  anatomy,  that  no  single 
orc/an  can  execute  more  than  one  dis- 
tinct function,  is  of  itself  sufficient  to 
prove  that  one  organ  cannot  serve  fbr 
the  operation  of  all  the  mental  powers. 
Accordingly,  even  the  Edinburfjh  Re- 
view, which,  on  more  than  one  occasion, 
has  evinced  great  hostility  to  some  of 
the  above  views,  as  included  among 
those  of  the  phrenologists,  has  at  an- 
other time  powerfully  inculcated  them 
as  acknowledged  physiological  truths. 
Undeterred  by  the  statement  in  one 
volume,  that  we  have  no  evidence 
that  the  brain  is  at  all  concerned 
in  any  mental  acts  except  those  con- 
nected with  the  external  senses,*  a 
reviewer  expressly  and  truly  asserts 
in  another,  that,  exactly  in  propor- 
tion as  we  ascend  in  the  scale  of  crea- 
tion, and  the  animal  acquires  a  sense, 
a  power,  or  an  instinct,  do  its  nerves 
multiply,  and  "  its  brain  improve  in 
structure  and  augment  in  volume  ; 
each  addition  being  marked  by  some 
addition  to,  or  amplification  of,  tlie 
jyoivers  of  the  animal,  tmtil  in  man  we 
behold  it  possessing  some  parts  of  which 
animals  are  destitute,  and  wanting  none 
which  they  possess  so  that  we  are 
enabled  to  associate  every  facility  which 
gives  superiority  with  some  addition  to 
the  nervous  mass,  even  from  the  smallest 
indications  of  sensation  and  will,  irp  to 

*  Edinburgh  Review,  vol.  xliv.,  p.  257. 
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the  highest  degree  of  sensibility,  judg- 
ment, and  expression.''*  It  is  thus  that 
while  many  animals  possess  individual 
senses  or  instincts  in  greater  per- 
fection than  man,  there  is  not  one 
which  can  be  compared  with  him  in 
the  number  and  range  of  its  faculties  ; 
and,  concurrently  with  this,  there  is 
not  one  which  approaches  him  in  the 
development  and  perfection  of  its  ner- 
vous system. 

The  mind  and  brain  being  thus  so 
closely  associated  during  life,  that  the 
former  acts  in  strict  obedience  to  the 
laws  which  regulate  the  latter,  it  be- 
comes an  object  of  primary  import- 
ance in  education  to  discover  what 
those  laws  are,  in  order  that  we  may 
adapt  our  conduct  to  them,  and  escape 
the  numerous  evils  consequent  on  dis- 
regarding them.  To  this  inquiry  I 
shall  devote  the  following  chapter, 
and  begin  with  those  laws  which  apply 
to  the  brain  considered  as  a  whole. 


CHAPTER  XIII. 

CONDTTIOXS  OF  HEALTH  OF  TilK 
BRAIN — LAWS  OF  MENTAL 
EXERCISE. 

The  principal  conditions  on  which 
the  health  of  the  brain  depends  may 
be  divided  into  two  great  classes, — 
the  one  having  reference  to  its  nature 
as  a  constituent  part  of  the  living  or- 
ganism, and  the  other  to  the  peculiar 
and  important  functions  which  it  per- 
forms. Under  the  first  head  may  be 
included  every  thing  which  directly 
affects  the  nutrition  and  physical  well- 
being  of  the  brain :  while  under  the 
latter  may  be  comprehended  whatever 
affects  the  brain  through  the  medium 
of  the  mind.  In  ordinary  language, 
the  former  may  be  designated  as  the 
j)hysical  or  organic,  and  tlie  latter  as 
the  mental  or  functional  conditions  of 
cerebral  health.  In  strictness,  how- 
ever, both  may  be  termed  organic, 
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since  mental  causes  produce  disease 
only  by  inducing  changes  in  the  brain 
itself;  but  as  the  distinction  will  be 
useful  in  practice,  I  do  not  hesitate  to 
adopt  it. 

If  we  inquire  attentively  by  what 
peculiarities  tliose  individuals  liave 
been  distinguished  who  have  enjoyed 
a  high  degree  of  mental  and  bodily 
health  throughout  a  long  and  active 
life,  we  shall  find  that,  with  scarcely 
an  exception,  they  have  inherited  from 
their  progenitors  a  sound  constitu- 
tion of  both  mind  and  body.  The 
reflecting  reader,  therefore,  will  not 
be  surprised  that  among  tlie  organic 
conditions  by  whicli  the  health  of  the 
brain  is  most  directly  secured,  I  should 
name  first,  the  possession  of  a  sound 
hereditarv   constitution.  Experience 
shews,  indeed,  that  the  importance  of 
this  condition,  as  a  preservative,  can 
scarcely  be  overrated.    Wliere  it  is 
possessed,  and  where  no  unusual  sus- 
ceptibility of  disease  has  been  gene- 
rated by  mismanagement  in  early  in- 
fancy, it  constitutes  by  far  the  most 
efficient  safeguard  which  any  human 
being  can  obtain  of  future  cerebral 
and  mental  health  under  whatever  cir- 
cumstances of  trial  and  anxiety  he  may 
be  afterwards  placed.    Where,  on  the 
other  liand,  it  is  wanting,  and  an  in- 
dividual has  the  misfortune  to  be  sent 
into  the  world  witli  a  brain  and  ner- 
vous system  on  whicli  the  peculiarities 
of  insane,  eccentric,  or  highly  excit- 
able parents  are  strongly  imprinted 
— and   especially  where  injudicious 
treatment  in  childliood  has  aggravated 
the  original  defect — the  most  careful 
and  rational  management  in  after  life 
will  often  fail  to  prevent  the  invasion 
of  nervous  miiery  or  mental  derange- 
ment, from   causes  to  which  tliose 
more  soundly  constituted  may  be  ha- 
bitually exposed  without  injury  to 
either  mind  or  body.    Let  it  never  be 
forgotten,  then,  that  the  transmission 
of  a  hereditanj  tendency  from  parents 
to  children,  producing  in  the  latter 
an  unusual  liability  to  the  maladies 
under  which  the  parents  have  laboured, 
is  one  of  the  most  powerful  causes 
which  precHsjwsc  to  cerebral  and  men- 
tal disease. 
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Even  where  the  original  defect  in 
tlie  parent  is  merely  some  peculiarity 
of  disposition  or  temper,  amounting 
perhaps  to  eccentricity,  it  is  astonish- 
ing how  clearly  its  influence  on  some 
one  or  other  of  the  progeny  may  often 
be  traced,  and  how  completely  a  con- 
stitutional bias  of  this  description  may 
interfere  with  a  man's  happiness  or 
success  in  life.  I  have  seen  instances 
in  which  it  pervaded  every  member 
of  a  family,  and  others  in  whicli  it 
affected  only  one  or  two.  When  the 
original  eccentricity  is  on  the  mother's 
side,  and  she  is  gifted  with  much  force 
of  character,  the  evil  extends  more 
widely  among  the  children  than  when 
it  is  on  the  fatlier's  side.  Whei'c  both 
parents  are  descended  from  tainted 
families,  the  progeny  is,  of  course, 
more  deeply  affected  than  where  one 
of  them  is  from  a  pure  stock  ;  and, 
seemingly  for  this  reason,  hereditary 
predisposition  is  a  more  usual  cause 
of  nervous  disease  in  the  higher  classes, 
who  intermarry  much  witli  each  other, 
than  in  the  lower,  who  have  a  wider 
choice.  As  an  illustration  of  what 
has  just  been  said,  we  may  quote  the 
following  remarkable  instance  of  here- 
ditary defects,  although  the  case  occur- 
red in  one  of  the  lower  animals.  It  is 
I'elated  by  Mr  Bree  in  the  Magazine 
of  Natural  History,  from  which  it  is 
quoted  by  Dr  Graves.*  "  A  white 
cat  of  the  Persian  breed  was  kept  in 
jWr  Bree's  family  as  a  favourite.  The 
animal  was  a  female,  quite  white 
and  perfectly  deaf.  She  produced  at 
various  times  many  litters  of  kittens, 
of  which  some  were  white,  others 
j  more  or  less  mottled,  tabby,  &c.,  &c. 
But  the  extraordinary  circumstance 
is,  that  of  the  offspring  produced  at 
one  and  the  same  birth,  such  as  were, 
1  like  the  mother,  entirely  white,  were, 
like  lier,  invariably  deaf;  while  those 
that  had  tlie  least  speck  of  colour 
on  their  fur,  as  invariably  possesa- 
i  I'd  the  usual  faculty  of  hearing." 
I  This  case  shews  in  a  very  striking 
I  manner  the  tendency  which  Nature 
I  lias  to  repeat  in  the  ofi'spring  the 
I  qualities  of  the  parent.  It  pervades 
i 

I  Clin.  Lcc,  vol.  i.,  p.  50S. 


alike  the  animal  and  vegetable  king- 
doms, and  is  extensively  made  use  of 
by  agriculturists  to  improve  both  their 
crops  of  grain  and  breeds  of  cattle. 
When  we  speak  of  hereditary  diseases, 
then,  we  merely  mean  a  tendency 
which  belongs  to  the  offspring  to  pass 
through  the  same  phases  of  develop- 
ment as  the  parent,  esjjecially  when 
it  is  placed  under  circumstances  simi- 
lar to  those  of  the  parent.  It  is  fre- 
quently found,  for  instance,  that  the 
offspring  of  a  parent  who  became  in- 
sane in  middle  life  remains  of  sane 
mind  till  it  reaches  the  same  stage  of 
existence,  when  it  also  begins  to  shew 
symptoms  of  mental  derangement.  It 
is  accordingly  of  the  utmost  conse- 
quence that  the  external  circumstances 
of  the  offspring  should  he  varied  from 
those  of  the  parent,  so  as  to  modify 
as  far  as  possible  the  parental  type, 
and  aid  Nature  in  her  endeavours  to 
regain  her  original  healthy  standard. 
Under  favourable  circumstances  there 
is  a  constant  progress  towards  a  higher 
and  improved  development  ;  and  so 
powerful  is  this  tendency  in  man,  that 
were  due  attention  paid  to  the  laws  of 
his  nature,  all  hereditary  disposition 
to  disease  would  speedily  be  over- 
come. 

Unhappily,  it  is  not  merely  as  a 
cause  of  disease  that  hereditary  predis- 
position is  to  be  dreaded.  The  ob- 
stacles which  it  throws  in  the  way  of 
permanent  recovery  are  even  more 
formidable,  and  can  never  be  entirely 
removed  ;  and  hence  the  direct  in- 
terest we  have  in  avoiding  the  perpe- 
tuation of  the  mischief  by  imprudent 
intermarriages.  If  two  persons,  each 
naturally  of  an  excitable  and  delicate 
nervous  temperament,  choose  to  unite 
for  life,  and  especially  if  they  marry 
at  a  very  early  age,  when  the  natural 
excitability  of  the  system  is  at  the 
highest,  it  will  be  almost  impossible 
to  prevent  the  concentrated  influence 
of  these  peculiarities  from  destroying 
the  health  of  their  offspring,  and  sub- 
jecting them  to  all  the  miseries  of 
nervous  disease,  madness,  or  melan- 
choly. 

Even  where  no  hereditary  defect 
exists,  the  state  of  the  mother  during 
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pregnancy  has  an  influence  on  the 
mental  character  and  health  of  the 
oftspring  of  which  few  parents  have 
any  adequate  conception,  hut  with 
which  every  mother  ought  to  he  fami- 
liar. In  my  work  on  Mental  Derange- 
ment, I  referred  in  proof  of  this  fact, 
to  the  testimonyof  the  late  M.  Esquirol, 
whose  talent,  general  accuracy,  and  ex- 
tensive experience,  give  great  weight 
to  all  his  well-considered  opinions. 
It  is  often,  he  says,  in  the  maternal 
womb  tliat  we  are  to  look  for  the  true 
cause,  not  only  of  imbecility,  but  also 
of  the  different  kinds  of  mania.  Dur- 
ing the  agitated  periods  of  the  French 
revolution,  many  women  then  preg- 
nant, and  whose  minds  were  kept  con- 
stantly on  the  stretch  by  the  anxiety 
'  and  alarm  inseparable  fi-om  the  epoch 
at  which  they  lived,  and  whose  nervous 
systems  were  thereby  rendered  irrit- 
able in  the  highest  degree  compatible 
with  sanity,  were  afterwards  delivered 
of  infants  whose  brains  and  nervous 
systems  had  been  affected  to  such  a 
degree  by  the  state  of  their  parent, 
that  in  future  life,  as  children  they 
were  subject  to  spasms,  convulsions, 
and  other  nervous  affections,  and  in 
youth  to  imbecility  or  dementia,  al- 
most without  any  exciting  cause.  The 
extent  to  which  the  temporary  state 
of  the  mother  during  gestation  may 
influence  the  health  of  the  offspring 
appears  very  forcibly  from  the  fol- 
lowing facts.    The  number  of  still- 
born  children  in    Paris  amounted, 
during  tlie  years  1812,  13,  and  14,  on 
an   average  to  1232.      In  the  last 
year  the  allied  armies  appeared  under 
the  walls  of  the  city,  and  for  some 
time  the  inhabitants  were  kept  in  a 
state  of  great  agitation.    The  result 
was  that  the  number  of  still-born 
children  rose  in  1815  to  1920.  Nor 
was  this  all.  The  mortality  of  infants 
under  three  months  amounted  in  1815 
to  5192  ;  during  the  three  preceding 
j^cars  it  had  been  on  an  average  2855. 
\Vl)en  the  offspring  produced  in  such 
circumstances  survives  infancy,  its 
whole  future  life  frequently  bears  wit- 
ness to  the  influence  of  the  mother's  con- 
dition duringpregnancy  on  its  welfare, 
of  which  some  idea  may  be  formed  from 
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a  single  fact  recorded  by  M.  Esquirol. 
A  pregnant  woman,  otherwise  healthy, 
was  greatly  alarmed  and  terrified  by 
the  threats  of  her  husband,  when  in  a 
state  of  intoxication.  Slie  was  after- 
wards delivered,  at  the  usual  time,  of 
a  very  delicate  child.  The  child  liad, 
however,  been  so  much  affected  by  its 
mother's  agitation,  that,  up  to  the  age 
of  eighteen,  it  continued  subject  to 
panic  terrors,  and  then  became  com- 
I)letely  maniacal.  The  nervoute  timi- 
dity of  James  VI.,  so  ludicrously  ex- 
hibited by  Sir  Walter  Scott  in  The 
Fortunes  of  Nigel,  is  said  to  have  had  a 
similar  origin.  Hobbes  the  philosopher 
is  another  example.  He  was  born  at 
Malmesbury,  in  Wiltshire,  on  5th  April 
1588,  when  the  southern  coast  of  Eng- 
land was  threatened  by  the  Spanish  Ar- 
mada. The  api^roach  of  this  formidable 
fleet  terrified  his  mother  so  much  as  to 
cause  her  premature  delivery;  "  an  ac- 
cident," says  one  of  his  biographers, 
"  which  may  account  for  that  fearful- 
ness  which  possessed  her  son  in  so 
remarkable  a  degree,  and  which  he 
humorously  acknowledges  in  his  own 
narrative  of  his  life  in  elegiac  verse : — 

Atque  metum  tantum  concepit  tunc  mea 
mater, 

Ut  parei-et  gerainos,  Meque  Metumque 
simul. 

This  circumstance  too  may  have  caused 
that  delicate  state  of  health  which  at- 
tended him  till  near  his  fortieth  year, 
and  obliged  him  to  observe  those  rules 
of  temperance  and  exercise  by  which 
his  life  was  prolonged  to  the  unusual 
jjeriod  of  ninety  years."*  I  have  my- 
self seen  several  instances  of  the  same 
kind,  and  among  others  one  of  a  young 
lady,  whose  extreme  nervous  sensibi- 
lity was  partly  attributable  to  pro- 
longed excitement  and  alarm  in  her 
mother,  who,  when  pregnant  with  her, 
spent  several  days  half  immersed  in 
water  during  a  storm  at  sea,  and  in 
hourly  expectation  of  shipwreck  and 
death.  Such  persons,  including  many 
whose  systems  have  been  weakened 
by  long-continued  disregard  of  the 

*  Life  prefixed  to  Hol)bes's  Treatise  on 
Hu&an  Nature,  edit.  1812. 
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laws  of  health,  "  are  commonly  called 
nervous  ;  they  are  worried  with 
trifles;  startled  at  shadows;  distracted 
by  noise  or  bustle ;  never  free  from 
some  ache  or  pain,  for  almost  every 
feeling  is  suflering;  and  what  in  others 
would  be  slight  pain,  in  these  amounts 
to  agony.  Hence  they  are  perpetual 
invalids,  quite  unfit  for  the  rugged 
jjath  of  life,  over  which  they,  as  it 
were,  walk  barefooted  and  thin-skin- 
ned. If  real  disease  attack  them,  its 
nervous  symptoms  are  so  much  exag- 
gerated, that  a  medical  attendant  is 
apt  to  fall  into  the  error  of  either  as- 
cribing all  to  the  nerves,  or  of  measur- 
ing the  disease  by  the  severity  of  the 
symptoms."* 

The  causes  which  most  materially 
tend  to  produce  this  excited  state  of  the 
nervous  system  in  previously  healthy 
constitutions,  are  the  confinement  and 
luxurious  habits  of  the  upper  classes, 
whose  nervous  systems  are  cultivated 
at  the  expense  of  the  rest  of  their 
bodies.  Occasionally  an  analogous 
state  is  produced  by  the  over-active 
treatment  of  disease,  in  cases  where 
the  system  is  damaged  by  the  too 
copious  abstraction  of  blood.  In  both 
cases,  imperfect  nutrition  of  the  ner- 
vous system  lies  at  the  root  of  the  evil, 
which  can  be  removed  only  by  long 
and  persevering  observance  of  the  ge- 
neral laws  of  health,  such  as  we  have 
endeavoured  to  expound  in  the  pre- 
vious chapters  of  this  work.  When 
the  fault  lies  in  original  defect  of  the 
nervous  system, the  evil  mayfrequently 
be  mitigated  by  judicious  treatment, 
but  can  scarcely  ever  be  removed. 

An  opposite  condition  to  that  just 
described  is  frequently  observed  in  in- 
dividuals whose  muscular  system  is 
ciJtivated  at  the  expense  of  the  ner- 
vous, or  who,  from  congenital  consti- 
tution, or  from  age,  are  deficient  in 
sensibility.  Such  individuals,  says 
Professor  Williams,  "feel  less  than 
other  folk.  All  their  feelings  are  ob- 
,  tuse,  and  their  action  slow ;  they  have 
no  intense  suffering  or  pleasure.  Such 
persons  have  also  little  irritability, 
but  much  tone  of  fibre,  and  are  re- 

•  Williams'  Principles  of  Medicine,  2d 
ed.,  p.  79. 


markable  for  their  immunity  from 
many  diseases."  They  contrast  with 
the  over-sensitive  in  this  respect  also, 
that  while  the  sufferings  of  the  latter 
are  due  in  no  inconsiderable  degree  to 
deficiency  of  blood,  or  an  alteration  in 
its  quality,  their  dulness  is  frequently 
due  to  an  overcharged  state  of  the 
blood-vessels. 

Hence,  the  condition  on  which  the 
health  of  the  brain  most  directly  de- 
pends, after  that  of  its  congenital  con- 
stitution, is  undoubtedly  a  due  supply 
of  well-constituted  blood.  The  efi"ects 
of  slight  dilferences  in  the  quality  of 
the  blood  are  not  easily  recognised, 
but,  when  extreme,  they  are  too  ob- 
vious to  be  overlooked.  If  the  stimulus 
of  arterial  blood  be  altogether  with- 
drawn, the  brain  ceases  to  act,  and 
sensibility  and  consciousness  become 
extinct.  Thus,  when  carbonic  acid 
gas  is  inhaled,  the  blood  circulating 
through  the  lungs  does  not  undergo 
that  process  of  oxygenation  which  is 
essential  to  life ;  and  as  it  is  in  this 
state  unfit  to  support  the  action  of  the 
brain,  the  mental  functions  become 
impaired,  and  death  speedily  closes  the 
scene.  If,  on  the  other  hand,  the  blood 
be  too  highly  oxygenated,  as  by  breath- 
ing oxygen  gas  instead  of  common  air, 
the  brain  is  too  much  stimulated,  and 
an  intensity  of  action  bordering  on  in- 
flammation takes  place. 

Such  are  the  consequences  of  the 
two  extremes ;  but  the  slighter  varia- 
tions in  the  state  of  the  blood  have 
equally  sure,  although  less  palpable 
efi'ects.  If  its  vitality  be  impaired  by 
breathing  an  atmosphere  so  much  vi- 
tiated as  to  be  insufficient  to  produce 
the  proper  degree  of  oxygenation,  the 
blood  then  affords  an  imperfect  stimu- 
lus to  the  brain,  and,  as  a  necessary 
consequence,  langour  and  inactivity  of 
the  mental  and  nervous  functions  en- 
sue, and  a  tendency  to  headache,  syn- 
cope,or  hysteria, makes  its  appearance. 
This  is  seen  every  day  in  the  listless- 
ness  and  apathy  prevalent  in  crowded 
and  ill-ventilated  schools ;  and  in  the 
headaches  and  liability  to  fainting 
which  are  so  sure  to  attack  persons  of 
a  delicate  habit  in  the  contaminated 
atmospheres  of  crowded  theatres,  clmr- 
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"ches,  and  assemblies.  It  is  seen  less 
strikingly,  but  more  permanently,  in 
the  irritable  and  sensitive  condition  of 
the  inmates  of  cotton  manufactories 
and  public  hospitals,  and  in  the  lethar- 
gy which,  especially  in  the  morning, 
affects  the  occupants  of  small  continud 
bed-rooms.  In  these  instances  the 
operation  of  the  principle  cannot  be 
disputed ;  for  the  langour  and  ner- 
vous debility  consequent  on  confine- 
ment in  ill-ventilatcd  apartments,  or 
in  air  vitiated  by  the  breath  of  many 
people,  are  neither  more  nor  less  than 
minor  degrees  of  the  same  process  of 
poisoning  to  which  I  have  formerly 
alluded.  It  is  not  constitutional  debi- 
lity which  produces  them;  for  unless 
the  exposure  has  been  very  long,  egress 
to  the  open  air  almost  instantly  re- 
stores activity  and  vigour  to  both  mind 
and  body.  In  cases  of  disease  also,  the 
influence  of  pure  air  upon  the  action  of 
the  brain  is  not  less  remarkable.  The 
late  Dr  A.  T.  Thomson,  in  his  little 
work  on  The  Manarjement  of  the  Sick- 
Room,  mentions  having  *'  seen  patients 
labouring  under  high  delirium  in  a 
close  ill-ventilated  room,  become  ra- 
pidly collected  by  merely  lowering  the 
heat  of  the  apartment  twelve  or  fifteen 
degrees.'"  (P.  117.)  The  improvement 
here  was  doubtless  partially  duo  to  the 
lowering  of  the  temperature,  but  prin- 
cipally to  the  admission  of  fresh  air. 
Other  testimony  to  the  same  effect 
might  easily  be  produced. 

But  impure  air  is  not  the  only  me- 
dium through  which  the  brain  is  de- 
prived of  a  proper  supply  of  well-con- 
stituted and  nutritious  blood.  Want  of 
wholesome  food,  and  defective  powers 
of  digestion,  are  equally  influential  in 
impairing  the  vital  properties  of  that 
fluid ;  and  hence,  at  all  periods  of  life, 
but  especially  in  childhood  and  youth, 
when  the  brain,  in  common  with  other 
organs,  is  in  a  state  of  great  activity 
and  rapid  development,  the  proper 
management  of  diet  is  a  subject  of 
the  greatest  pi-actical  importance.  In 
my  other  works*  I  have  fully  explained 
the  mode  in  which  defective  nourish- 

*  On  Digestion  and  Diet,  and  on  the  Phy- 
siological and  Moral  Management  of  In- 
fancy. 


ment  impairs  the  powers  of  the  mind 
by  weakening  the  brain,  and  unfolded 
the  principles  by  which  diet  should 
be  regulated  at  different  periods  of  life, 
so  as  to  secure  the  highest  bodily  and 
mental  health  of  which  the  constitution 
is  capable.  But  there  are  still  one  or 
two  circumstances  to  which,  from  their 
practical  importance,  and  from  their 
being  often  overlooked  in  the  dietetic 
arrangements  for  the  young,  I  must 
again  solicit  the  attention  of  the  reader. 

In  my  work  on  Digestion,  I  have 
shewn  that,  in  conformity  with  the 
great  activity  of  growth  and  nutrition 
in  early  youth,  the  craving  for  food 
returns  much  sooner  than  in  mature 
age ;  and  that,  to  sustain  the  healthy 
vigour  of  the  system,  a  wholesome 
and  substantial  dinner  ought  to  follow 
within  at  most  five  hours  after  break- 
fast. When,  as  often  happens  from  a 
bad  arrangement  of  the  school-hours, 
dinner  is  postponed  much  beyond  this 
interval,  and  only  some  slight  refresh- 
ment is  allowed  in  the  forenoon,  the 
inevitable  result  of  the  want  of  due 
sustenance  is,  that  the  system  becomes 
proportionally  exhausted,  and  the  mind 
itself  impaired  in  energy  and  activity. 
Where  much  constitutional  delicacy 
exists  at  the  same  time,  the  health  also 
suffers  slowly  but  certainly.  In  board- 
ing-schools such  results  are  frequently 
observed,  especially  in  winter,  when 
the  teacher  is  sometimes  induced  by 
the  shortness  of  the  day  to  omit  mus- 
cular exercise  altogetlier,  and  to  post- 
pone dinner  to  a  late  hour,  with  the 
view  of  having  all  the  lessons  over  be- 
fore darkness  comes  on.  I  have  known 
this  arrangement  adopted  at  the  soli- 
citation of  the  pupils  themselves,  who 
were  too  ignorant  to  perceive  the  evils 
which  it  entailed  upon  them,  and  who 
ought  never  to  have  been  indulged  in 
a  way  so  prejudicial  to  their  own  wel- 
fare. In  one  instance  in  which  con- 
tinued bad  health  was  thus  induced, 
it  resisted  all  the  curative  efforts  of 
the  physician  and  the  parents,  so  long 
as  the  cause  was  left  in  operation ;  but 
recovery  began  from  the  moment  that 
a  more  rational  plan  was  adopted  at 
my  suggestion.  By  a  simple  change 
of  hours,  and  allowing  a  long  interval 
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at  mid-day  for  an  early  dinner,  the  boy 
was  enabled  to  continue  his  education 
without  interruption,  although  his 
health  had  suflered  so  much  that  the 
parents  had  made  up  their  minds  to 
remove  him  from  school  and  send  him 
to  the  country,  as  the  only  probable 
means  of  saving  his  life. 

Another  form  in  which  the  brain, 
in  common  with  the  rest  of  the  body, 
often  suffers  from  defective  nutrition 
in  early  life,  consists  in  neglect  of  suf- 
ficient relaxation  during,  and  for  some 
time  after,  eating.  In  many  schools 
and  families,  books  are  taken  up,  les- 
sons resumed,  or  tasks  begun,  almost 
immediately  after  meals,  instead  of  an 
interval  of  relaxation  being  allowed 
to  facilitate  digestion  and  give  the 
system  the  full  benefit  of  the  food.  In 
some  institutions,  indeed,  so  desirous 
are  the  teachers  that  no  moment  of 
time  should  pass  unimproved,  that 
some  one  reads  aloud  during  meals;  all 
cheerful  conversation  is  thus  prevented, 
and  the  digestive  powers  are  weakened 
by  the  nervous  influence  being  with- 
drawn from  the  stomach.  The  evil,  too, 
falls  most  heavily  on  those  children 
who  can  least  withstand  it ;  on  those, 
namely,  whose  nervous  systems  are 
already  excited,  and  whose  attention  is 
most  easily  roused.  Strong  healthy 
children  may  resist  this  cause  of  im- 
paired health;  but  it  often  injures  very 
seriously  the  more  delicately  consti- 
tuted, and  helps  to  ruin  both  the  sto- 
mach and  the  nervous  system.  But  it 
would  lead  me  too  far  from  the  proper 
object  of  this  work  to  go  more  minutely 
into  its  consideration  here,  and  the 
reader  is  referred  for  additional  infor- 
mation, to  p.  113  of  the  9th  edition  of 
my  work  on  Digestion. 

Those  who  have  never  reflected  on 
the  influence  of  a  well-arranged  diet 
and  sound  digestion  on  the  health  of 
the  brain  and  mental  functions,  may 
obtain  some  idea  of  its  reality  from  the 
examination  of  extreme  cases.  Star- 
vation, for  example,  is  well  known  to 
affect  the  brain  so  much  as  often  to 
produce  ferocious  delirium.  This  result 
was  painfully  exemplified  not  many 
years  ago,  after  the  wreck  of  the 
Medusa  French  frigate  on  the  coast  of 


Africa,  when,  under  the  influence  of 
hunger,  scenes  of  cruelty  and  horror 
took  place  which  it  is  impossible  to 
read  of  without  shuddering.  Among 
the  Milanese,  also,  a  species  of  insanity 
arising  from  defective  nourishment  is 
very  prevalent,  and  is  easily  cured  by 
the  nourishing  diet  provided  in  the 
hospitals  to  which  the  patients  are 
sent.  I  have  seen  the  mental  functions 
weakened,  and  the  brain  disordered, 
by  the  same  cause — inadequate  nutri- 
tion— at  the  period  of  rapid  growth. 
This  defective  nutrition,  however,  it 
must  be  observed,  does  not  always  de- 
pend on  want  of  proper  food.  On  the 
contrary,  it  is  often  the  result,  among 
the  higher  classes,  of  too  much  or  too 
stimulating  food,  over-exciting  and 
ultimately  impairing  the  digestive 
powers.  The  result,  in  both  cases,  is 
the  same,  namely,  imj)erfcct  constitu- 
tion of  the  blood,  and  consequently 
imperfect  nutrition  of  the  tissues  of 
the  body. 

Chemical  investigation  shews  that 
in  many  diseases  the  constitution  of 
the  blood  deviates  very  much  from  the 
healthy  standard,  and  we  can  readily 
understand  how  the  stimulus  of  dis- 
eased blood  to  the  brain  and  other 
parts  of  the  nervous  system,  should  be 
followed  by  symptoms  of  so-called  ner- 
vous diseases.  We  have  already  men- 
tioned that  in  cases  of  hysteria  the 
blood  is  frequently  found  deficient  in 
I'ed  corpuscles,  and  that  the  symptoms 
of  the  disease  disappear  as  the  blood 
regains  its  normal  constitution.  Hys- 
teria, then,  though  called  a  nervous  dis- 
ease from  its  most  striking  symptoms, 
is  in  reality,  at  least  in  many  instances, 
one  of  nutrition;  and  tlie  fundamental 
remedy  is  to  be  sought,  not  in  anti- 
spasmodic drugs,  but  in  attention  to 
the  general  laws  of  health.  The  same 
remarks  are  applicable  to  many  cases 
of  hypochondriasis,  when  dissipation 
or  excess  of  business  has  sapped  the 
powers  of  the  system.  The  blanched 
cheek  and  lacklustre  eye  shew  the  al- 
teration which  the  blood  has  under- 
gone, whence  it  no  longer  affords  a 
normal  stimulus  to  the  brain.  This  i 
is  one  cause  of  those  feelings  of  un- 
conquerable melancholy  which  so  fre- 
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quently  lead  to  suicide.  "We  thus  see 
at  once  the  source  of  the  benefit  so 
frequently  derived  from  the  temporary 
renunciation  of  pleasure  or  business, 
and  seeking  a  remedy  in  country  air 
and  change  of  scene,  or  whatever  else 
is  deemed  calculated  to  improve  nutri- 
tion. 

In  hydrophobia  we  have  an  example 
of  a  nervous  disease  (apparently  due 
to  alteration  of  the  blood,  produced  by 
inoculation  with  a  specific  poison),  in 
which  the  symptoms,  those  of  intense 
nervous  excitement,  are  limited  almost 
entirely  to  the  spinal  cord.  The  least 
breath  of  air  is  sufficient  to  excite  the 
most  fearful  convulsions,  which  in- 
crease in  intensity  till  death  ensues. 

The  proneness  to  morbid  action  of 
the  brain,  induced  by  imperfect  nutri- 
tion, is  one  cause  why,  in  times  of  pub- 
lic distress,  the  suffering  poor  are  so 
apt  to  resort  to  violence  to  remove  the 
sources  of  their  discontent.  The  brain, 
weakened  by  want  of  food,  becomes 
liable  to  excitement,  and  ceases  to 
exercise  its  accustomed  self-control. 
But  where  actual  famine  has  been  en- 
dured, the  excitement  speedily  subsides 
into  torpor,  and  the  sufferer  passes  the 
time  in  a  state  of  lethargy,  the  blood 
ceasing  to  afford  any  stimulus  what- 
ever to  the  brain,  beyond  what  is  suf- 
ficient to  produce  a  dreamy  state  of 
consciousness.  "  It  is  most  remark- 
able," says  a  writer  in  the  Times,  when 
speaking  of  the  Irisii  famine,  how 
difficult  this  disease  (starvation)  makes 
it  to  hazard  any  opinion  as  to  the  age  of 
the  sufferers.  The  girls  and  women 
bear  it  better  than  the  males.  The  most 
piteous  class  to  look  upon  are  the  child- 
ren from  four  to  ten  years  of  age — they 
lie  so  quiet,  and  seem  so  patient  in  their 
mere  skin  and  bones.  I  seldom  heard 
one  cry.  As  soon  as  they  become  con- 
fined to  their  beds  you  scarce  ever  find 
them  in  anything  but  a  half-dozing 
state.  Those  who  look  upon  them  must 
suffer  — they  themselves  seem  beyond 
it."* 

But  there  still  remains  to  be  noticed 
one  of  the  most  frequent  causes  of  an 
altered  condition  of  the  blood,  namely, 

•  The  Times,  July  9,  I8i9- 


the  abuse  of  sjm-ituous  Ihjuors.  Every 
one  is  familiar  with  the  effects  pro- 
duced by  intoxication.    The  spirit  in- 
troduced into  the  stomach  is  speedily 
absorbed  and  carried  into  the  blood, 
which,  thus  contaminated,  acts  more 
or  less  injuriously  upon  all  the  organs 
of  the  body,  but  principally  on  the 
nervous  system, — producing,  in  the 
first  place,  an  excited  action,  which  is 
afterwards  followed  by  a  correspond- 
ing depression,  and  this  in  its  turn 
produces  a  craving  for  a  fresh  sujjply 
of  the  stimulus.    It  is  thus  that  the 
habit  of  drinking  is  formed — a  habit 
which,  when  once  acquired,  but  few 
are  able  to  break.    Its  evils  are  too 
well  known,  but  they  may  be  briefly 
summed  up  as  including  impairment  of 
the  functions  of  the  digestive  organs, 
enfeebling  of  the  automatic  nervous 
system,  and  the  moral  and  intellectual 
degradation  of  the  drunkard.  Expe- 
rience shews  the  difficulty — we  may 
almost  say  impossibility — of  weaning 
habitual  drunkards  from  their  favour- 
ite vice.    The  efforts  of  temperance 
societies  may  doubtless  prove  service- 
able in  this  respect,  but  alone  they 
will  faU.  to  remedy  an  evil  which,  not- 
withstanding all  their  past  labours, 
continues  to  increase.    In  their  endea- 
vour to  combat  it  they  have  too  gene- 
rally overlooked  the  mental  constitu- 
tion of  man.    "  Vows  of  celibacy  have 
never  eradicated  lust ;  of  fasting,  glut- 
tony; of  poverty,  avarice ;  of  Iiumility, 
ambition.     The  thoughtful,  the  en- 
lightened, the  religious,  will  not  re- 
quire a  vow  of  total  abstinence  to 
keep  them  temperate ;  the  ignorant, 
the  untaught,  the  irreligious,  will  too 
frequently  take  the  vow  to  break  it."* 
Fifty  years  ago  the  vice  of  excessive 
drinking  was  very  prevalent  in  the 
middle  and  upper  ranks  of  society.  It 
has  now  almost  entirely  disappeared 
there  ;  but  this  result  is  due  not  to  the 
efforts  of  temperance  societies,  but  to 
increased  knowledge  and  civilization, 
and  the  introduction  or  increase  of 
many  rational  means  of  recreation, 

»  See  an  excellent  article  on  this  subject 
in  the  Brit,  aud  For.  Med.-Chir.  Review, 
vol.  vii. 


262       INFLUENCE  OP  QUANTITY  OF  BLOOD  OX  BRAIN. 


The  same  remedies  will  remove  drunk- 
enness from  the  mass  of  the  people. 
Cultivation  of  their  intellects  will 
cause  them  to  seek  higher  sources  of 
enjoyment;  and  their  moral  faculties, 
no  longer  obscured  and  perverted  by 
the  use  of  pernicious  stimuli,  will  seek 
refreshment  in  the  peace  and  comfort 
of  their  homes.  The  great  error  that 
has  hitherto  been  committed  lies  in 
our  wishing  to  think  and  act  for  the 
people,  instead  of  educating  them  to 
think  and  act  for  themselves,  and  aid- 
ing them  in  their  endeavours  to  pro- 
vide suitable  means  of  recreation  when 
the  labours  of  the  day  are  over.  Till 
this  fundamental  mistake  be  corrected 
the  multitude  will  make  little  pro- 
gress; let  it  be  so,  and  they  will  soon 
work  out  their  own  salvation.  In  the 
mean  time,  advantage  may  be  taken  of 
the  compound  nature  of  the  human 
mind  to  break  or  weaken  the  habit  of 
drinking  of  such  as  cannot  now  be 
educated,  by  placing  various  recrea- 
tions and  amusements  within  their 
reach.  Cheap  railway-trips,  pedestri- 
an excursions,  out-of-door  pastimes, 
and  musical  performances,  are  calcu- 
lated to  be  of  much  benefit  in  this 
respect ;  as,  indeed,  is  any  amusement 
or  employment  which  will  give  pleas- 
ing and  harmless  occujiation  to  the 
various  faculties  of  the  mind.  To  at- 
tempt to  cure  drinking  by  such  pro- 
ceedings as  shutting  the  spirit-shops, 
is  to  view  the  matter  superficially,  and 
to  grapple  with  the  effect  instead  of 
the  cause. 

But  important  as  is  the  quality  of 
the  blood  to  the  healthy  action  of  the 
brain,  its  quantity  and  the  regularity 
of  its  supply  are  of  scarcely  inferior 
consequence.  Some  of  the  preceding 
illustrations  bear  still  more  forcibly 
on  this  point  than  on  the  influence 
of  defective  quality.  I  now  add,  that 
if,  as  often  liappens  from  accidental 
wounds,  and  during  blood-letting,  the 
quantity  of  blood  circulating  through 
the  brain  be  suddenly  diminished,  the 
effect  may  bo  so  great  as  entirely  to 
arrest  its  action  and  dostroj^  conscious- 
ness. Even  where  the  loss  of  blood, 
although  considerable,  is  not  sufficient 
to  produce  this  result,  it  will  neverthe- 


less impair  the  vitality  of  the  brain, 
and  often  lower  the  mental  vigour  so 
much  as  for  a  time  to  unfit  the  indivi- 
dual for  active  or  energetic  thinking. 
When,  on  the  contrary,  the  circulation 
of  the  blood  through  the  brain  is  acce- 
lerated within  certain  limits,  increased 
action  audits  accompaniment  increased 
mental  activity,  are  the  certain  results. 
In  this  respect  the  brain  is  situated  pre- 
cisely as  is  every  other  organ  of  the 
body.  When  not  stimulated  by  a  full 
supply  of  well-constituted  blood,  it 
acts  feebly  and  imperfectly.  Thus 
Sir  A.  Cooper  found  that,  when  the 
carotid  and  vertebral  arteries  which 
convey  the  blood  to  the  brain  were 
tied,  the  animal  experimented  upon 
became  stupid,  and,  to  a  certain  ex- 
tent, incapable  of  voluntary  motion. 
On  the  other  hand,  when  a  full  supply 
is  afforded,  the  brain  becomes  propor- 
tionally excited  to  higher  activity,  till, 
if  this  condition  be  carried  to  excess, 
the  excitement  may  end  in  violent  de- 
lirium or  maniacal  furor. 

Over-fulness  of  blood,  however,  is 
frequently  accompanied  by  torpor  of 
the  intellectual  faculties,  owing  to  the 
pressure  exerted  by  the  gorged  blood- 
vessels on  the  brain.  In  such  cases  the 
risk  of  apoplexy  becomes  imminent, 
and  no  time  should  be  lost  in  having 
recourse  to  a  restricted  diet,  and,  if 
necessary,  to  bleeding  and  purging  to 
reduce  the  quantity  of  blood.  It  is 
under  such  circumstances  that  vege- 
table diet  is  found  to  be  so  beneficial, 
producing,  as  it  then  does,  an  unwont- 
ed activity  of  intellect  and  feeling  of 
lightness, — because,  by  the  continued 
use  of  such  diet,  the  quantity  of  blood 
is  reduced,  and  the  pressure  on  the 
brain  diminished.  Under  the  opposite  | 
circumstances  of  impoverished  blood  i 
from  poor  or  deficient  food,  a  vege-  ! 
table  diet  would  only  aggravate  the  ! 
evil.  I 

The  law,  in  virtue  of  which  excite- 
ment of  function  and  activity  of  cir- 
culation in  the  organ  performing  it 
are  always  coincident,  being  thus  as 
applicable  to  the  brain  as  to  all  other 
organs,  common  prudence  requires, 
that,  in  conducting  both  physical  and 
mental  education,  we  should  take  the  I 
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fact  into  account,  and  regulate  our 
management  so  as  to  prevent  either 
deficiency  or  excess  in  the  cerebral 
circulation,  and  to  preserve  it  as  far 
as  possible  in  that  equable  state  which 
is  so  manifestly  conducive  to  the  health 
of  the  brain.  But  as  few  non-medical 
readers  are  at  all  aware  of  the  neces- 
sary relation  which  really  subsists  be- 
tween organic  and  mental  activity,  1 
shall  adduce  two  or  three  illustrative 
facts  before  attempting  to  explain  the 
jihysiological  law  which  connects  them 
together,  and  which  is  calculated  to 
afford  us  much  assistance  as  a  practi- 
cal guide. 

In  some  parts  of  the  body  the  in- 
creased circulation  which  always  ac- 
companies excitement  of  function  may 
be  made  the  direct  subject  of  experi- 
ment. AVhen,  for  instance,  we  use  the 
eye  too  long,  or  in  too  bright  a  light, 
it  is  soon  observed  to  become  blood- 
shot, and  the  increased  action  of  its 
vessels  and  nerves  gives  rise  to  a  sen- 
sation of  fatigue  and  pain  requiring 
us  to  desist.  If  we  turn  away  the  eye, 
the  irritation  gradually  subsides,  and 
the  healthy  state  returns;  but  if  we 
continue  to  look  intently,  or  resume 
our  employment  before  tlie  eye  has 
regained  its  natural  state  by  repose, 
the  irritation  at  last  becomes  perma- 
nent, and  disease,  followed  by  weak- 
ness of  sight  or  even  blindness,  may 
ensue — as  often  happens  to  glass-blow- 
ers, smiths,  and  others,  who  are  obliged 
to  Avork  in  an  intense  light. 

Precisely  analogous  phenomena  oc- 
cur when,  from  intense  mental  excite- 
ment, the  brain  is  kept  long  in  a  state 
of  excessive  activity.  The  only  dif- 
ference is,  that  we  can  always  see  what 
happens  in  the  eye,  but  rarely  what 
takes  place  in  the  brain.  Occasionally, 
however,  cases  of  fracture  of  the  skull 
occur,  in  which,  from  part  of  the  bone 
being  removed,  we  can  see  the  quick- 
ened circulation  in  the  vessels  of  the 
brain  as  easily  as  those  of  the  eye. 
Sir  Astley  Cooper  had  a  young  gen- 
tleman brought  to  him  who  had  lost  a 
portion  of  his  skull  just  above  the 
eyebrow.  "  On  examining  the  head," 
says  Sir  Astley,  "  I  distinctly  saw  the 
pulsation  of  the  brain  was  regular 


and  slow ;  but  at  this  time  he  was 
agitated  by  some  opposition  to  his 
wishes,  and  directly  the  blood  was  sent 
with  increased  force  to  the  brain,  the 
pulsation  became  frequent  and  violent ; 
if,  therefore,  you  omit  to  keep  the  mind 
free  from  agitation,  your  other  means 
will  be  unavaiiiw/'  in  the  treatment  of 
injuries  of  the  brain.*  A  still  more 
remarkable  case  is  mentioned  by  Dr 
Caldwell,  as  having  occurred  to  Dr 
Pierquin  in  the  hospital  of  Montpellier 
in  1821.  "  The  subject  of  it  was  a 
female  at  the  age  of  twenty-six,  who 
had  lost  a  large  portion  of  her  scalp, 
skull-bone,  and  dura  mater,  in  a  ne- 
glected attack  of  lues  venerea.  A  cor- 
responding portion  of  her  brain  was 
consequently  bai-e,  and  subject  to  in- 
spection. When  she  was  in  a  dream- 
less sleep  her  brain  was  motionless,  and 
lay  within  the  cranium.  When  her 
sleep  was  imperfect  and  she  was  agi- 
tated by  dreams,  her  brain  moved  and 
protrxided  withoxUih^  cranium, forming 
cerebral  hernia.  In  vivid  dreams,  re- 
ported as  such  by  herself,  the  protru- 
sion was  considerable  ;  and  when  she 
was  perfectly  awake,  especially  if  en- 
gaged in  active  thought  or  sprightly 
conversation,  it  was  still  greater."! 
This  protrusion  arose,  of  course,  from 
the  greater  quantity  of  blood  sent  to 
the  brain  during  its  activity,  than 
when  it  was  quiet :  and  if  the  case  be 
accurately  reported,  it  certainly  is  one 
of  the  most  interesting  on  record. 

To  these  cases,  as  published  in  the 
early  editions,  I  may  add  another 
which  was  reported  about  ten  years 
ago  in  Mr  Combe's  Notes  on  the  United 
States  (vol.  ii.,  p.  279).  The  patient, 
a  daughter  of  Mr  Mapes  of  New  York, 
fell  from  a  window  when  about  four 
years  of  age,  and  had  her  skull  so 
severely  fractured,  that  portions  of  it, 
to  the  extent  in  all  of  about  three 
inches  square,  were  removed  near  the 
crown  of  the  head.  The  brain  w^as  of 
course  uncovered  to  the  same  extent, 
and  in  the  region  of  the  organs  of 
Self-Esteem  and  Love  of  Approbation, 

*  See  Sir  A.  Cooper's  Lect.  on  Surg,  by 
Tyrrel,  vol.  i.,  p.  276. 

t  Annals  of  Phrenology,  vol.  i.,  p.  37. 
Boston,  U.S.,  1833. 
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At  the  time  of  Mr  Combe's  visit,  the 
girl  was  eight  years  old.  The  skin 
over  the  wound  was  thin  and  covered 
with  fine  hair  ;  on  applying  the  hand 
over  it  a  curious  leech-like  motion 
was  felt  in  the  brain,  accompanied 
with  a  prominence  and  pulsation  of 
the  part  whenever  the  corresponding 
feelings  were  excited.  When  the 
feelings  were  at  rest,  and  her  intellect 
alone  was  active,  as  when  intent  on 
solving  an  arithmetical  question,  only 
the  gentle  and  equal  pulsation  of  the 
arterial  system  was  perceptible. 

In  all  of  these  cases,  mental  activity 
and  increased  circulation  were  found 
invariably  to  accompany  each  other. 

The  well  known  impulse  given  to 
thought  and  feeling  by  wine  and  other 
stimulants,  which  act  chiefly  by  in- 
creasing the  flow  of  blood  to  the 
brain,  is  but  another  example  of  the 
operation  of  the  same  general  law, 
and  goes  far  to  justify  the  opinion  of 
Dr  Caldwell,  that,  if  it  were  "  possible, 
without  doing  an  injury  to  other 
parts,  to  augment  the  constant  afHux 
of  healthy  arterial  blood  to  the  brain, 
the  mental  operations  would  be  in- 
vigorated by  it.  I  state,"  says  he, 
"  this  oi)inion  confidently,  because  we 
often  witness  its  verification.  When 
a  public  speaker  is  flushed  and  heated 
in  debate,  his  mind  works  more  freely 
and  powerfully  than  at  any  other  time. 
Why  ?  Because  his  brain  is  in  better 
tune.  What  has  thus  suddenly  im- 
proved its  condition  ?  An  increased 
current  of  blood  into  it,  produced  by 
the  excitement  of  its  own  increased 
action.  That  the  blood  does,  on  such 
occasions,  flow  more  copiously  into 
the  brain,  no  one  can  doubt  who  is  at 
all  acquainted  with  the  cerebral  sen- 
sations which  the  orator  himself  expe- 
riences at  the  time,  or  who  witnesses 
the  unusual  fulness  and  flush  of  his 
countenance,  the  dewiness,  flashing, 
and  protrusion  of  his  eye,  and  the 
throbbing  of  his  temporal  and  carotid 
arteries.  It  is  well  known  that,  while 
intensely  engaged  in  a  memorable  de- 
bate last  winter  in  Washington,  a 
distinguished  senator  became  so  giddy, 
by  the  inordinate  rushing  of  blood 
into  his  brain,  that  he  was  obliged  to 


sit  down,  and  the  senate  adjourned  to 
give  him  time  to  recover.  And,  more 
recently,  a  new  member  in  the  House 
of  Representatives  fell  while  speaking, 
and  suddenly  expired  from  the  same 
tause.  A  member  of  the  law  class  of 
Transylvania,  moreover,  experienced, 
a  few  weeks  ago,  a  convulsive  aflfection 
from  a  congestion  of  blood  in  the 
head,  induced  by  excessive  excitement 
of  the  brain  in  the  ardour  of  debate."* 
In  many  instances,  indeed,  the  in- 
creased circulation  in  the  brain,  at- 
tendant on  high  mental  excitement, 
reveals  itself  by  its  effects  when  least 
expected,  and  leaves  traces  after 
death  which  are  but  too  legible.  How 
many  public  men,  like  Whitbread, 
Romilly,  Castlereagh,  and  Canning, 
urged  on  by  ambition  or  natui-al 
eagerness  of  mind,  have  been  suddenly 
arrested  in  their  career,  by  the  inor- 
dinate action  of  the  brain  induced  by 
incessant  toil !  And  how  many  more 
have  had  their  mental  power  for  ever 
impaired  by  similar  excess !  When 
tasked  beyond  its  strength,  the  ej'c 
becomes  insensible  to  light,  and  no 
longer  conveys  any  impressions  to  the 
mind.  In  like  manner,  the  brain, 
when  much  exhausted,  becomes  inca- 
pable of  thouglit,  and  consciousness 
is  almost  lost  in  a  feeling  of  utter  con- 
fusion. To  the  hard-working  literary 
man,  cerebral  rest  on  Sunday  is  of  no 
less  utility  than  muscular  rest  is  to 
the  miner  or  coal-heaver.  "  During 
many  years'  observation  of  intellectual 
labourers,"  says  a  London  journalist, 
"  we  never  knew  a  man  to  work  seven 
days  in  the  week  who  did  not  kill  him- 
self, or  kill  his  mind."  And  it  de- 
serves to  be  seriously  considered  whe- 
ther young  peojile  who  are  busily 
occupied  during  six  days  of  the  week 
with  study,  should  be  burdened,  so 
much  as  they  frequently  are  in  Scot- 
land, with  Sunday  "  fasts,"  demand- 
ing such  painful  efforts  in  committing 
to  memory  the  prescribed  portions  of 
abstruse  theological  works  and  ill- 
understood  hymns,  that  the  day  of  rest 
and  refreshment,  in  place  of  being  a 

*  Caldwell's  Thoughts  on  Physical  Edu- 
cation, p.  114. 
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"  delight,"  as  it  ought  to  be,  is  looked 
forward  to  with  a  feeling  of  aversion, 
which  is  apt  to  extend  to  religion 
itself. 

In  delicate  persons,  and  in  invalids 
recovering  from  severe  illness,  the  in- 
fluence of  the  quantity  of  blood  upon 
the  action  of  the  brain  is  often  very- 
marked  ;  a  mere  change  from  the  ho- 
rizontal to  the  sitting  position  will 
often  be  sufficient  to  induce  fainting, 
simply  from  the  want  of  sufficient 
blood  in  the  brain  to  sustain  its  action. 
Prom  the  same  cause,  mental  power 
may  be  impaired  without  being  actu- 
ally extinguished.  A  case  of  this  kind 
was  communicated  to  me  by  an  expe- 
rienced teacher  in  England,  in  which 
the  effect  of  change  of  position  on  the 
brain  was  so  great  that  the  boy 
seemed  to  be  of  "  two  different  cha- 
racters"' when  sitting  and  when  lying. 
In  the  former  attitude,  when  the 
brain  was  scantily  supplied  with 
blood,  he  was  inactive  and  looked 
apathetic  and  sullen;  whereas,  when 
he  lay  down,  and  the  circulation  was 
not  impeded  by  the  gravity  of  the 
blood,  his  real  powers  of  mind  became 
manifest,  and  he  was  animated, 
talkative,  and  highly  intelligent." 
This  case  deserves  attention,  both  be- 
cause it  is  in  itself  of  a  striking  na- 
ture, and  because  it  was  not  communi- 
cated as  an  illustration  of  the  point 
under  discussion,  but  merely  in  refer- 
ence to  the  general  discipline  of  the 
institution.  An  analogous  case  is 
mentioned  by  Levy,  of  a  man  who  had 
no  memory  except  when  lying  with 
the  head  very  low. 

Some  distinguished  authors  have 
found  the  horizontal  position  most  fa- 
vourable to  felicitous  composition. 
Thus  Levy  tells  us  that  the  late  Pro- 
fessor Goupil  of  Strasburg  prepared 
his  brilliant  lectures  while  recumbent; 
and  Sir  Walter  Scott  says  "  that  the 
half  hour  between  waking  and  rising 
has  all  my  life  proved  propitious  to 
any  task  that  was  exercising  my  in- 
vention. When  I  got  over  any  diffi- 
culty in  a  story, or  have  had  informer 
times  to  fill  up  a  passage  in  a  poem, 
it  was  always  when  I  first  opened  my 
eyes  that  the  desired  ideas  thronged 


upon  me.  This  is  so  much  the  case, 
that  I  am  in  the  habit  of  relying  upon 
it,  and  saying  to  myself  when  I  am  at 
a  loss  : — '  Never  mind  !  we  shall  have 
it  at  seven  o'clock  to-morrow  morning.' 
If  I  have  forgot  a  circumstance,  or  a 
name,  or  a  copy  of  verses,  it  is  the 
same  thing."*  This  effect,  however, 
may  have  resulted  to  a  considerable 
extent  from  the  invigoration  of  the 
brain  by  sleep. 

Such  are  the  principal  organic  con- 
ditions on  which  the  health  of  the 
brain  depends.  We  now  come  to  the 
consideration  of  its  functional  or  mental 
conditions. 

When  treating  of  the  laws  of  exer- 
cise (see  pages  118  and  137),  and  ex- 
plaining the  changes  which  takejilace 
in  every  organ  of  the  body  when  it 
is  called  into  activity,  or,  in  other 
words,  when  its  function  is  exercised, 
I  took  some  pains  to  shew,  \st,  That 
when  an  organ  is  left  too  long  inac- 
tive, the  circulation  of  blood  through 
its  vessels  becomes  feeble  and  imper- 
fect, and  the  organ  itself  impaired  in 
tone,  and  unfit  to  act  with  ease  or 
energy  ;  2dly,  That  when  an  organ  is 
regularly  and  duly  exercised,  it  re- 
ceives a  proportionably  copious  sup- 
ply of  blood,  and  acquires  a  healthy 
and  vigorous  tone,  with  a  correspond- 
ing aptitude  for  free  and  ready  ac- 
tion ;  and,  lastly,  That  when  functional 
exercise  is  carried  to  excess,  or  is  re- 
peated without  sufficient  intervals  of 
repose,  the  circulation  through  the  or- 
gan becomes  unduly  accelerated,  and 
that,  as  a  consequence,  the  function 
becomes  excited,  and  is  carried  on 
with  an  energy  and  activity  which 
are  apt  to  exceed  the  limits  of  health, 
and  to  induce  either  disease  or  ex- 
haustion. From  these  fundamental 
principles  I  deduced  the  practical  rule, 
that,  in  our  management  of  ourselves 
and  others,  the  second  degree  of  exer- 
cise is  that  at  which  we  ought  sted- 
fastly  to  aim,  and  from  which  alone 
we  can  expect  beneficial  results.  I 
have  now  to  shew  that  this  practical 

•  Diary  of  Sir  Walter  Scott  in  Lock- 
hart's  Life.    Feb.  10,  182G. 
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inference  applies  with  equal  force  to 
the  brain  as  to  other  organs;  and  that, 
ill  endeavouring  to  promote  its  health, 
^\c  must  either  regulate  the  exercise 
of  all  its  functions  by  the  ordinary 
laws  of  physiology,  or  forfeit  the  ad- 
vantages whicli  their  observance  is  des- 
tined to  confer  upon  us. 

Since,  as  I  have  already  shewn,  not 
only  are  increased  activity  of  brain, 
and  an  increased  flow  of  blood  through 
its  vessels,  inseparably  connected,  but 
within  certain  limits  the  one  is  always 
proportioned  to  theothcr.it  follows  that, 
as  the  function  of  the  brain  is  to  mani- 
fest the  various  powers  of  the  mind, 
activitrj  of  mind  necessarily  implies  a 
corresponding  activity  of  brain,  and  is 
attended  with  all  its  physiological  re- 
sults. Or,  in  other  words,  activity  of 
mind  is  as  much  the  mode  of  exercise 
of  the  brain  as  walking  is  of  the 
muscles,  or  vision  of  the  eye  ;  and  it 
is  only  by  keeping  tliis  fact  steadilj' 
in  view  that  M-e  can  see  our  way 
clearly  through  the  inconsistencies  of 
different  educational  theories,  and  ar- 
rive at  principles  sufficient  for  our 
own  guidance.  Let  us  now  see  how 
far  the  ordinary  laws  of  physiologj' 
apply  to  the  exercise  of  the  cerebral 
functions. 

That  inactivity  of  the  brain  impairs 
its  healthy  energy,  and,  as  a  necessary 
consequence,  diminishes  mental  power, 
is  amply  proved  by  daily  and  hourly 
experience.  Nor  will  this  truth  sur- 
pi'ise  any  reflecting  person  who  keeps 
in  mind  that,  by  disuse,  muscles  be- 
come emaciated  and  weakened,  blood- 
vessels and  nerves  obliterated,  and 
bone  itself  softened  and  altered  in 
structure  ;  and  who  considers,  that,  as 
a  part  of  the  same  animal  system,  the 
brain  is  nourished  by  the  same  blood, 
and  subjected  to  the  same  vital  laws, 
as  the  muscles,  bones,  and  nerves. 
For  direct  proof,  however,  I  need 
only  refer  the  reader  to  the  well 
known  influence  of  solitary  confine- 
ment upon  the  bodily  and  mental 
condition  of  even  the  most  energetic 
and  robust.  Solitary  confinement  im- 
pairs and  destroys  mental  vigour 
solely  by  the  forced  inaction  into 
which  it  throws  the  brain ;  and  unless 


relieved  by  occupation  and  the  occa- 
sional visits  of  the  attendants,  it  be- 
comes the  most  destructive  punish- 
ment which  can  be  inflicted  upon  any 
human  being.  Under  its  unmitigated 
infliction,  the  strong-minded  man  soon 
lapses  into  the  feebleness  of  childhood, 
and  the  sternest  resolution  yields  like 
the  willow  to  the  gentlest  breeze. 

It  is  from  a  similar  cause  that  men 
accustomed  for  years  to  a  busy  and 
bustling  life,  almost  inevitably  be- 
come   hypociiondriacal,  melancholy, 
and  enfeebled  in  mind  and  resolution, 
on  retii'ing  from  business  or  from  ac- 
tive public  service  to  the  quiet  of  the 
country,  without  any  pursuit  to  oc- 
cupy their  attention.    The  brain  and 
mind,  being  left  in  inaction,  soon  lose 
their  healthy  tone,  and  indolence  and 
ennui  appear  where  calm  enjoyment 
was  confidently,  but  most  unreasonably, 
looked  for.    It  is  the  same  cause  which 
renders  that  seclusion  from  society, 
which  invalids  are  apt  to  indulge  in, 
so  injurious  to  both  bodily  and  mental 
soundness;  and  which  often  renders 
the  situation   of  governesses  one  of 
misery  and  bad  health,  even  where 
every  kindness  is  meant  to  be  shewn 
towards   them.     In   many  families, 
especially  in  the  higher  ranks,  the 
governess  lives  so  secluded,  that  she  is 
almost  as  much  out  of  society  as  if  she 
were  placed  in  solitary  confinement. 
For  the  same  reason,  those  who  are  cut 
off"  from  social  converse  by  any  bodily 
infirmity,  often  become  discontented 
and  morose  in  spite  of  every  resolution 
to  the  contrary.    The  feelings  and 
faculties  of  the  mind,  which  had  for- 
merly full  play  in  their  intercourse 
Mith  their  fellow-creatures,  have  no 
longer  scope  for  sufficient  exercise  ; 
and  the  almost  inevitable  result  is  ir- 
ritability and  weakness  in  the  corre- 
sponding parts  of  the  brain. 

Ennui  and  inactivity  thus  directly 
contribute  to  shorten  life,  and  furnish 
another  example  of  the  adaptation  by 
Divine  wisdom  of  all  things  to  each 
other.  The  human  system  is  arranged 
on  the  principle  of  acting  in  harmony 
with  the  requirements  of  man's  social 
position,  and  health  and  activity  thus 
go  hand  in  hand.    Ennui  and  inacti- 
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vity  imply  that  man  has  nothing  to  do 
worth  living  for;  and  such  being  the 
case,  the  mechanism  begins  to  rust 
and  decay,  just  as  a  machine  made 
by  man  does  when  left  unemployed. 
When  loss  of  means,  or  other  so-called 
misfortunes,  oblige  the  man  of  ennui 
and  idleness  to  exert  his  jiowers  ac- 
tively, health  and  strength  return, 
and  his  prospect  of  life  improves. 

We  have  a  remarkable  example  of 
the  atrophy  of  organs  following  their 
entire  disuse,  in  the  blindness  of  the 
fishes  which  live  in  the  waters  of  the 
dark  caves  of  the  Tyrol  and  Kentucky. 
There  is  much  reason  to  think  that  in 
them  the  non-development  of  the  visual 
organs  is  the  result  of  constant  de- 
privation of  light,  the  long-continued 
operation  of  which  cause  has  made 
blindness  their  natural  condition.  It 
would  be  a  highly  interesting  experi- 
ment to  try  if  removal  to  light  would, 
in  the  course  of  generations,  restore 
the  sense  of  sight. 

These  principles  are  further  illus- 
trated by  what  is  observed  among  the 
deaf  and  blind,  in  whom,  from  their 
being  precluded  from  a  full  participa- 
tion in  the  same  sources  of  interest  as 
are  accessible  to  their  more  favoured 
brethren,  irritability,  weakness  of 
mind,  and  idiocy,  are  known  to  be 
much  more  prevalent  than  among 
other  classes  of  people.  In  the  JXc- 
tionnaire  de  Medecine  (vol.  xx.,  p.  87), 
Andral  gives  a  description  of  the  deaf 
and  dumb,  every  word  of  which  bears 
a  direct  reference  to  the  above  prin- 
ciple ;  and  a  similar  account  has  been 
given  of  the  blind  by  an  equally  intel- 
ligent observer.  "  The  deaf-mute," 
says  Andral,  "  presents,  in  his  intelli- 
gence, his  character,  and  the  develop- 
ment of  liis  passions,  certain  modifica- 
tions which  depend  on  his  state  of 
isolation  in  tlie  midst  of  society.  He 
remains  habitually  in  a  state  of  half 
childishness,  is  very  credulous,  but, 
like  the  savage,  remains  free  from 
many  of  the  prejudices  acquired  in 
society.  In  him  the  tender  feelings 
are  not  deep ;  he  appears  susceptible 
neither  of  strong  attachment  nor  of 
lively  gratitude ;  pity  moves  him 
feebly ;  he  has  little  emulation,  few  I 


enjoyments,  and  few  desires.  This  is 
what  is  commonly  observed  in  the 
deaf  and  dumb,  but  the  picture  is  far 
from  being  of  universal  application  ; 
some,  more  happily  endowed,  are  re- 
markable for  the  great  development 
of  their  intellectual  and  moral  nature, 
but  others,  on  the  contrary,  remain 
immersed  in  complete  idiocy."  An- 
dral adds,  that  we  must  not  infer  from 
this,  that  the  deaf  and  dumb  are 
constitutionally  inferior  in  mind  to 
other  men.  "  Their  powers,"  says  he, 
"  are  not  developed,  because  they  live  iso- 
lated from  society  :  place  them,  by  some 
means  or  other,  in  relation  luith  their 
fello  w-men,  and  they  will  become  their 
eqiiah.''  This  is  the  cause  of  the 
rapid  brightening  up  of  both  mind 
and  features,  which  is  so  often  ob- 
served in  blind  or  deaf  children,  when 
transferred  from  home  to  public  insti- 
tutions, and  there  taught  the  means  of 
converse  with  their  fellows.  In  these 
instructive  instances,  the  whole  change 
is  from  a  state  of  inactivity  of  the 
mind  and  brain  to  that  of  their  whole- 
some and  regular  exercise. 

Our  next  proposition  was,  that 
when  all  the  tnental  jwwers  are  duly 
and  regularly  exercised,  the  brain  re- 
ceives a  proportionably  copious  supiiyly 
of  hlood,  acquires  a  healthy  and  vi- 
gorous tone,  and  becomes  fitted  for  the 
2>rompt,  free,  and  energetic  action  of  all 
the  functions  appertaining  to  the  mind. 
In  support  of  this  proposition,  I  shall 
enter  into  no  details.  Besides  its  be- 
ing almost  self-evident,  proofs  of  its 
accuracy  are  of  easy  access,  and 
abound  everywhere  in  society  to  such 
an  extent,  that  it  would  be  a  waste  of 
time  to  reproduce  them  here.  I  shall, 
therefore,  pass  at  once  to  the  principle 
implied  in  the  third  proposition, 
namely,  that  when  mental  exercise  is 
carried  to  excess,  either  in  duration  or 
in  frequency,  the  circulation  through  the 
vessels  of  the  brain  becomes  excited  in  a 
corresponding  degree,  and  ultimately 
induces  a  state  of  disease  ivhich  it  is 
not  always  easy  to  remove. 

When  the  eye  has  been  intently  ex- 
ercised for  a  length  of  time  without 
sufficient  intervals  of  repose,  it  is  oh- 
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served,  as  I  have  said,  to  become 
blood-shot  and  unusually  sensitive  to 
the  light ;  and  if  the  exercise  be  per- 
severed in,  inflammation  and  loss  of 
sight  may  be  the  ultimate  results. 

Precisely  analogous  consequences 
ensue  when  the  mind  is  employed  to 
excess.  The  vessels  of  the  brain  be- 
come distended,  and  its  action  becomes 
excited,  till  it  borders  upon,  or  actually 
passes  into,  disease.  At  any  time  of 
life,  accordingly,  excessive  and  long- 
continued  mental  exertion  is  hurtful ; 
but  in  infancy  and  early  youth,  when 
the  structure  of  the  bi-ain  is  still  imma- 
ture and  delicate,  permanent  mis- 
chief is  more  easily  inflicted  by  in- 
judicious treatment  than  at  any  sub- 
sequent period — and,  in  this  respect, 
the  analogy  is  complete  between  the 
brain  and  the  other  parts  of  the  body, 
as  we  have  already  seen  exemplified 
in  the  injurious  effects  of  premature 
exercise  of  the  bones  and  muscles. 
Scrofulous  and  rickety  children  are 
the  most  usual  sufferers  in  this  way. 
They  are  generally  remarkable  for 
large  heads,  great  precocity  of  under- 
standing, and  small  delicate  bodies. 
But,  in  such  instances,  the  great  size 
of  the  brain  and  acuteness  of  mind 
are  the  results  of  morbid  growth  ; 
and,  even  with  the  best  management, 
the  child  passes  the  first  years  of  its 
life  constantly  on  the  brink  of  active 
disease.  Instead,  however,  of  trying 
to  repress  its  mental  activity,  the  fond 
parents,  misled  by  the  early  promise  of 
genius,  too  often  excite  it  still  farther, 
by  unceasing  cultivation  and  the  ne- 
ver-failing stimulus  of  emulation  and 
praise  ;  and  finding  its  jtrogress,  for 
a  time,  equal  to  their  warmest  wishes, 
they  look  forward  with  ecstasy  to  the 
day  when  its  talent  will  break  forth 
and  shed  a  lustre  on  its  name.  But 
in  exact  proportion  as  the  picture  be- 
comes brighter  to  their  fancy,  the  pro- 
bability of  its  being  realized  becomes 
less  ;  for  the  brain,  worn  out  by  pre- 
mature exertion,  either  becomes  dis- 
eased or  loses  its  tone,  leaving  the 
mental  powers  slow  and  depressed  for 
the  remainder  of  life.  The  expected 
prodigy  is  thus  ultimately  and  easily 
out-stripped  in   the  social  race  by 


many  whose  dull  outset  promised  him 
an  easy  victory. 

In  speaking  of  children  of  this  de- 
scription, Dr  Brigham,  in  an  excellent 
little  work  on  the  influence  of  mental 
excitement  on  health,  published  about 
twenty  years  ago  in  America,  says  : 
"  Dangerous  formsof  scrofulous  disease 
among  children  have  repeatedly  fallen 
under  my  observation,  for  which  I 
could  not  account  in  any  other  way, 
than  by  supposing  that  the  brain  had 
been  exercised  at  the  expense  of  other 
parts  of  the  system,  and  at  a  time  of 
life  when  nature  is  endeavouring  to 
2)erfect  all  the  organs  of  the  body ;  and 
after  the  disease  commenced,  I  have 
seen  with  grief  the  influence  of  the 
same  cause  retarding  or  preventing 
recovery.    I  have  seen  several  affect- 
ing and  melancholy  instances  of  chil- 
dren five  or  six  years  of  age  lingering 
awhile  with  diseases  from  which  those 
less  gifted  readily  recover,  and  at  last 
dying,   notwithstanding   the  utmost 
efforts  to  restore  them.    During  their 
sickness  they  constantly  manifested  a 
passion  for  books  and  mental  excite- 
ment, and  were  admired  for  the  matu- 
rity of  their  minds.  The  chance  for  the 
recovery  of  such  precocious  children  is, 
in  my  opinion,  small,  when  attacked  by 
disease  ;  and  several  medical  men  have 
informed  me,  that  their  observations 
had  led  them  to  form  the  same  opinion, 
and  have  remarked,  that  in  two  cases 
of  sickness,  if  one  of  the  patients  was 
a  child  of  superior  and  highly  culti- 
vated mental  powers,  and  the  other 
one  equally  sick,  but  whose  mind  had 
not   been   excited   by   study,  they 
should  feel  less  confident  of  the  reco- 
very of  the  former  than  of  the  latter. 
This  mental  precocity  results  from  an 
unnatural  development  of  one  organ 
of  the  body  at  the  expense  of  the  con- 
stitution.''* 

It  should  constantly  be  borne  in 
mind,  that  the  immature  constitutions 
of  children  are  much  more  susceptible 
of  injurious  influences  than  the  fully 
developed  systems  of  adults.  Conse- 

*  Remarks  on  the  Influence  of  Ment.-xl 
Cultivation  and  Mental  Excitement  upon 
Health.  By Amariah  Brigham,  M.D.  P.  45. 
I  Boston,  1833. 
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quently,  in  disease,  when  the  natural 
irritability  of  the  young  is  generally 
increased,  it  becomes  a  matter  of  para- 
mount importance  to  remove  all  sources 
of  excitement.  When  this  is  not  at- 
tended to,  and  when,  moreover,  suffi- 
cient care  is  not  taken  to  ensure  per- 
fect ventilation,  the  mortality  of  such 
children  is  found  to  be  much  greater 
than  that  of  sick  adults,  although  tlie 
general  rate  of  mortality  at  the  same 
periods  is  the  reverse.  This  is  espe- 
cially the  case  in  the  Hopital  des 
Enfants  Malades  at  Paris,  where,  from 
the  number  of  children  congregated 
together  in  wards,  it  is  almost  imjios- 
sible  to  ensure  quiet  and  purity  of 
air.  Accordingly,  during  the  year 
18-i8,  the  rate  of  mortality  among 
them  was  1  in  5 "36,  and  the  average 
Stay  in  the  hospital  was  60"5l  days ; 
whereas  the  general  rate  of  mortality 
in  all  the  Parisian  hospitals  was  1  in 
10*73,  and  the  average  stay  27'98 
days.*  Such  facts  make  it  appear  ex- 
tremely doubtful,  whether,  balancing 
the  evil  with  the  good,  the  erection  of 
an  hospital  for  sick  children,  as  is 
at  present  contempKited  in  London, 
would  be  really  beneficial. 

Dr  Brigham  justly  remarks,  that  it  is 
ignorance  in  the  parents  which  leads  to 
the  too  early  and  excessive  cultivation 
of  the  minds  of  children,  especially  of 
those  who  are  precocious  and  delicate ; 
but  from  the  examples  which  he  gives, 
and  the  general  bearing  of  his  admoni- 
tions, the  error  of  commencing  syste- 
matic education  too  soon,  and  stimulat- 
ing the  infant  mind  too  highly,  seems 
to  be  decidedly  more  prevalent  in  the 
United  States  than  in  this  country. 
Among  the  "  children's  books"'  in  the 
United  States,  many  are  announced 
as  purposely  prepared  "  for  children 
from  two  to  three  years  old  !"  and 
among  others  are  "Infant  Manuals" 
for  Botany,  Geometry  and  Astronomy ! ! 
That  mode  of  teaching  is  considered 

*  Annales  d'Hjgiene  Publique.  Oct. 
1849.    P.  387 

The  ages  of  the  children  in  the  Hopital 
des  Enfants  Malades  vary  from  2  to  15 
years.  The  great  proportion  of  them  are 
between  5  and  15  years,  which  constitutes 
the  most  healthy  period  of  life. 


the  best  which  forces  on  the  infant 
mind  at  tlie  most  rajiid  rate,  without 
regard  to  liealth  or  any  other  con- 
sideration. In  this  country,  children 
are  not  generally  sent  to  school  so 
early  ;  but  education  is  still  too  much 
restricted  to  the  exclusive  exercise  of 
the  mental  powers,  to  the  neglect  of 
the  physical ;  and,  in  the  instance  of 
delicate  children,  is  pu.shed  on  too 
rapidly,  I  have  witnessed  the  fate  of 
one  of  these  early  prodigies,  and  the 
circumstances  were  exactly  such  as 
those  above  described.  The  prema- 
turely developed  intellect  was  ad- 
mired, and  constantly  stimulated  by 
injudicious  praise,  and  by  daily  exhi- 
bition to  every  visiter  who  chanced  to 
call.  Entertaining  books  were  thrown 
in  the  way ;  reading  by  the  fireside 
encouraged ;  play  and  exercise  ne- 
glected ;  the  diet  allowed  to  be  full 
and  heating,  and  the  appetite  pam- 
pered by  every  delicacy.  The  results 
were,  the  speedy  deterioration  of  a 
weak  constitution,  a  high  degree  of 
nervous  sensibility,  deranged  diges- 
tion, disordered  bowels,  defective  nu- 
trition, and,  lastly,  death,  at  the  very 
time  when  the  interest  excited  by  the 
mental  precocity  was  at  its  height. 

Such,  however,  is  the  ignorance  of 
most  parents  on  physiological  subjects, 
that  when  one  of  these  infant  prodigies 
dies  from  erroneous  treatment,  it  is  not 
unusual  to  publish  a  memoir  of  his 
life,  that  other  parents  may  see  by 
what  means  such  transcendent  quali- 
ties were  called  forth.  Dr  Brigham 
refers  to  a  memoir  of  this  kind,  in 
which  the  history  of  John  Mooney 
Head,  aged  four  years  and  eleven 
months,  is  narrated  as  approved  of  by 
"  several  judicious  persons — ministers 
and  others,  all  of  whom  united  in  the 
request  that  it  might  be  published, 
and  all  agreed  in  the  opinion,  tliat  a 
knoivledgu  of  the  manner  in  which  the 
child  was  treated,  together  with  the  re- 
sults, U'ould  be  profitable  loth  to  parents 
and  children,  and  a  benefit  to  the  cause 
of  education."  This  infant  philosspher 
was  "  taught  hymns  before  he  could 
speak  plainly ;"  "  reasoned  with"  and 
constantly  instructed  until  his  last  ill- 
ness, whi'ch,  "  ivithout  any  assignable 
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cause,"  put  on  a  violent  and  unexpected 
form,  and  carried  him  off.  As  a  warn- 
ing not  to  force  education  too  soon  or 
too  fast,  this  case  may  be  truly  "  pro- 
fitable both  to  jiarents  and  children  j" 
but,  as  an  example  to  be  followed,  it 
assuredly  cannot  be  too  strongly  or 
loudly  condemned.  Infant  Schools, 
however,  in  which  jjhysical  health  and 
moral  training  are  duly  attended  to, 
are  excellent  institutions.  Such  are 
those  established  and  regulated  on  the 
plan  of  the  benevolent  Wilderspin, 
whose  exertions  have  gone  so  far  to  de- 
monstrate the  importance  of  early  in- 
fant training.  But  I  regret  to  say  that 
many  schools  that  have  been  opened 
under  the  same  name  have  scarcely 
any  one  sound  principle  in  action ; 
and  threaten  to  do  more  injury  to  the 
children  by  forced  and  injudicious  in- 
tellectual cultivation  and  close  con- 
■finement,  than  will  be  easily  remedied 
even  by  the  best  management  in  after- 
life. I  know  some  schools  consisting  of 
a  single  small  apartment  without  any 
play-ground,  and  with  very  imperfect 
means  of  ventilation,  where  upwards  of 
150  children  are  crowded  together  for 
four  or  -five  hours  a  day,  with  no  free 
access  to  the  open  air, — no  adequate 
muscular  or  pulmonary  exercise, — 
no  mental  recreation  worthy  of  the 
name, — no  systematic  cultivation  of  the 
moral  and  social  feelings  in  actual  in- 
tercourse with  each  other, — and  where, 
with  the  exception  of  a  few  intervals 
of  rest,  an  occasional  march  round  the 
room,  and  a  frequent  change  of  subject, 
the  time  is  consumed  in  intellectual 
tasks,  to  the  almost  complete  exclusion 
of  every  thing  else.  Schools  of  this 
description  cannot  be  too  strongly  de- 
nounced as  fraught  with  mischief  to 
the  young,  and  as  flagrant  abuses  of  a 
most  valuable  principle.  But  in  thus 
censuring  what  is  radically  wrong,  we 
must  be  careful  not  to  go  to  the  other 
extreme,  and,  like  Gobbett,  condemn  as 
bad  that  which  is  so  only  in  its  abuses. 
A  well -regulated  Infant  School  is  an 
instrument  of  great  power  in  improv- 
ing and  humanizing  mankind.* 

•  Many  of  my  readers  will  be  glad  to  learn 
that  Dr  Brigham's  little  work  has  been  re- 
printed in  this  country  in  a  very  cheap 


In  the  Williams  Secular  School  in 
Edinburgh,  the  principles  above  ex- 
pounded have  been  successf  ully  reduced 
to  practice  : — "  Great  care  is  taken,  es- 
pecially with  the  younger  children,  to 
avoidovertaskingthe  brain.  Theteach- 
er  has  found  it  necessary  to  make  the 
lessons  on  mental  arithmetic  of  shorter 
duration  than  any  of  the  others,  as  chil- 
dren of  highly  nervous  temperaments 
have  complained  of  headache  after  such 
lessons,  when  protracted  to  the  same 
length  as  the  other  lessons.  Any  undue 
activity  of  the  brain  is  at  once  mani- 
fested by  a  characteristic  brightness 
and  restless  expression  of  the  eye, 
generally  accompanied  with  a  flush  of 
the  cheeks,  and  a  redness  and  burning 
of  the  ears ;  sometimes  there  is  a  red 
band  across  the  bridge  of  the  nose,  or 
the  chin  is  more  flushed  than  the  rest 
of  the  face ;  in  all  cases  the  forehead 
is  unusually  hot,  and  frequently  head- 
ache is  complained  of.  The  experience 
of  the  teacher  has  enabled  him  to  de- 
tect these  symptoms  immediately  when 
they  present  themselves,  and  to  remove 
the  exciting  cause. 

"  It  is  interesting  to  observe,  that 
while  the  general  mental  activity  of 
the  children  has  so  greatly  increased 
since  the  commencement  of  the  school, 
instances  of  this  kind  of  morbid  acti- 
vity have  become  far  less  frequent,  and 
of  late  have  been  almost  unknown.  A 
few  cases  have  occurred  of  highly  ner- 
vous and  excitable  children,  who  for 
some  time  after  entering  the  school 
exhibited  continually  some  of  the  above 
named  symptoms ;  but  this  tendency 
has  gradually  subsided,  and  their 
general  health  and  robustness  have 
improved,  while  their  intellectual  pro- 
gress has  continued  very  satisfactory ; 
facts  which  shew  strikingly  that  the 
system  of  instruction  adopted  in  the 
school  is  safe  and  healthy,  and  the 

form,  with  notes  by  the  late  Dr  Macnish  of 
Glasgow.  Dr  Caldwell's  "  Thoughts  on 
Physical  Education"  has  also  been  re- 
published, with  additions  from  his  other 
writings,  and  notes  by  Mr  Robert  Cox. 
Both  works  contain  facts  and  principles  of 
great  interest  to  every  parent  and  teacher, 
and  are  calculated  to  be  highly  useful  in 
j  advancing  the  cause  of  rational  education. 
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tendency  to  excessive  cerebral  activity 
is  less  than  in  schools  in  which  tasks 
to  be  learned  by  vote  constitute  the 
chief  exercises,  and  in  which  strong 
stimulants  to  love  of  approbation  and 
fear  are  applied  as  means  of  eliciting 
exertion.  This  is  easily  explained 
when  we  consider  that  the  blood,  which 
flows  to  the  head  under  all  circum- 
stances of  mental  activity,  becomes 
difiused  over  the  whole  brain  wlicn 
the  action  is  general,  and  thus  mode- 
rate and  uniform  excitement  results  ; 
whereas,  when  only  a  few  organs  are 
active,  as  in  learning  lessons  by  rote, 
or  in  mental  arithmetic,  there  must 
be  a  tendency  to  a  concentration  of 
the  blood  upon  these  parts,  and  the 
danger  of  morbid  action  is  proportion- 
ally increased.  Thorough  ventilation 
is  also  carefully  attended  to,  and  has 
a  very  beneficial  eflfect  in  warding  oft" 
drowsiness  on  the  one  hand,  and  undue 
excitement,  from  excessive  interest  in 
the  studies,  on  the  other."* 

In  youth,  too,  much  mischief  is  done 
by  the  long  daily  periods  of  attendance 
at  school,  by  the  want  of  adequate  sus- 
tenance at  an  early  period  of  the  day, 
and  by  the  continued  application  of 
mind,  which  the  ordinary  system  of 
education  requires.  The  law  of  exer- 
cise, that  long-sustained  action  ex- 
hausts the  vital  powers  of  an  organ, 
applies,  I  cannot  too  often  repeat,  as 
■well  to  the  brain  as  to  the  muscles; 
and  hence  the  necessity  of  varying  the 
occupations  of  the  young,  and  allow- 
ing frequent  intervals  of  active  exer- 
cise in  the  open  air,  instead  of  en- 
forcing the  continued  confinement 
which  is  now  so  common.  As  might  be 
expected,  this  exclusive  attention  to 
mental  culture  fails  even  in  its  essen- 
tial object ;  for  experience  shews,  that, 
with  a  rational  distribution  of  employ- 
ment and  exercise,  a  child  will  make 
greater  progress  than  in  double  the 
time  employed  in  continuous  mental 
exertion.  If  the  human  being  were 
made  up  of  nothing  but  a  brain  and 
nervous  system,  we  might  very  rea- 
sonably content  ourselves  with  seden- 
tary pursuits,  and  confine  ourselves 

*  Second  Annual  Report  of  the  Williams 
Secular  School,  p.  9.    Edinburgli,  1851. 


entirely  to  the  mind.  But  when  ob- 
servation tells  us  that  we  have  nume- 
rous other  important  organs  of  mo- 
tion, sanguification,  digestion,  circu- 
lation, and  nutrition,  all  demanding 
exercise  in  the  open  air,  as  essential 
both  to  their  own  health  and  to  that 
of  the  nervous  system,  it  is  worse 
than  folly  to  shut  our  eyes  to  the 
truth,  and  to  act  as  if  we  could,  by 
denying  it,  alter  the  constitution  of 
nature,  and  thereby  escape  the  conse- 
quences of  our  misconduct. 

Reason  and  experience  being  thus 
set  at  nought  by  both  parents  and 
teachers  in  the  management  of  chil- 
dren, young  people  naturally  grow 
up  with  the  notion  that  no  sncli  influ- 
ences as  the  laws  of  physiology  exist, 
and  that  they  may  follow  any  course 
of  life  which  inclination  leads  them 
to  prefer,  without  injury  to  health, 
provided  they  avoid  what  is  called 
dissipation.  It  is  owing  to  this  ignor- 
ance, that  we  find  young  men  of  a 
studious  or  literary  habit  enter  heed- 
lessly upon  an  amount  of  mental  ex- 
ertion, unalleviated  by  bodily  exercise 
or  intervals  of  repose,  which  is  quite 
incompatible  with  the  continued  en- 
joyment of  a  sound  mind  in  a  sound 
body.    Such,  however,  is  the  effect  of 
the  total  neglect  of  all  instruction  in 
the  laws  of  the  organic  frame  during 
early  education,  that  it  becomes  almost 
impossible  to  warn  an  ardent  student 
against  the  dangers  to  which  he  is 
exposing  himself,  and  nothing  but 
actual  experience  will  convince  him 
of  the  truth.  From  these  observations 
it  will  be  evident  how  much  truth 
and  good  sense  are  contained  in  the 
following  extract  of  a  letter  from 
Romilly  to  Roget,  dated  12th  Septem- 
ber 1797.    "  I  am  afraid,"  he  writes, 
"of  your  prosecuting  your  studies  with 
more  ardour  and  perseverance  than 
your  strength  will  allow  of.    I  need 
not  certainly  impress  on  your  mind 
one  value  of  life  and  health,  not  on 
your  own  account  alone,  but  for  the 
sake  of  those  most  dear  to  you.  But 
you  really  should  consider  that  it  is 
with  respect  to  knowledge  as  with 
many  other  things  ;  by  attempting 
too  much  we  often  lose  instead  of 
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gaining,  and  a  fortnight  of  too  close 
occupation  may  make  all  study  impos- 
sible for  many  weeks  and  months  that 
follow  it.  I  have  experienced  this 
myself  when  I  was  nearly  of  your 
age,  and  have  been  obliged  to  exjiiate 
by  many  tedious  months  of  languor 
and  constrained  idleness,  the  impru- 
dent exertions  which  had  exceeded 
my  strength.  You  ought  to  reflect 
that  relaxation  is  to  the  full  as  neces- 
sary as  study  to  j'our  success,  and  that 
the  time  which  ajjpears  to  be  thrown 
away  is  really,  even  with  respect  to 
the  advancement  of  your  studies,  time 
most  profitably  employed.  I  am  at 
this  moment  putting  in  practice  the 
doctrine  I  inculcate  ;  for  my  only  occu- 
pation here  is  to  ride  about  the  country, 
to  enjoy  the  sea-air,  and  read  books  of 
amusement."*  To  give  additional 
weight  to  this  advice,  we  shall  now 
quote  the  experience  of  a  distinguished 
literary  gentleman  who  seems  to  have 
acted  in  an  entirely  opposite  spirit. 

"  I  have  been  a  workman  in  my 
day,"  says  Sir  Edward  Bulwer  Lytton. 
"  I  began  to  write  and  to  toil,  and  to 
win  some  kind  of  a  name,  while  yet 
little  more  than  a  boy.  With  strong 
love  for  study  of  books — with  yet 
greater  desire  to  accomplish  myself  in 
the  study  of  men — for  sixteen  years  I 
conceive  no  life  to  have  been  more 
filled  with  occupation  than  mine. 
What  time  was  not  given  to  action 
was  given  to  study ;  what  time  not 
given  to  study,  to  action — -labour  in 
both  !  To  a  constitution  naturally  far 
from  strong,  I  allowed  no  pause  or  res- 
pite. The  wear  and  tear  tvent  on  ivith- 
out  intermission — the  whirl  of  the  wheel 
never  ceased. 

"  Sometimes,  indeed,  thoroughly 
overpowered  and  exhausted,  I  sought 
for  escape.  The  physician  said  '  Tra- 
vel,' and  I  travelled  ;  'Go  into  the 
country,'  and  I  went.  But  in  such 
attemj^ts  at  repose  all  my  ailments 
gathered  round  me, — made  themselves 
far  more  palpable  and  felt.  I  had  ]io 
resource  but  to  fly  from  myself — to  fly 
into  the  world  of  books,  or  thought,  or 
reverie, —  to  live  in  some  state  of  being 

*  Life  of  Sir  Samuel  Romilly.vol.  ii.,  p.  61 


less  painful  than  my  own.  As  long  as 
I  was  always  at  work  it  seemed  that  I 
had  no  leisure  to  be  ill.  Quiet  was 
my  hell. 

"  At  length  the  frame  thus  long  neglected, 
■ — patched  up  for  a  while  by  drugs  and 
doctors, — put  off  and  trijled  tvith  as  an 
intrusive  dun — like  a  dun  who  is  in  his 
rights, — brought  in  its  arrears  crushing 
and  terrible,  accumulated  through  long 
years ;  worn  out  and  wasted,  the  con- 
stitution seemed  wholly  inadequate  to 
meet  the  demand. 

"  The  exhaustion  of  toil  and  study  had  j 
been  completed  by  great  anxiety  and 
grief.    I  had  watched  with  alternate 
hope  and  fear  the  lingering  and  mourn- 
ful death-bed  of  my  nearest  relation  i 
and    dearest   friend — of  the   person  j 
around  whom  was  entwined  the  strong-  ■ 
est  affection  my  life  had  known — and  I 
when  all  was  over,  I  seemed  scarcely 
able  to  live  myself. 

"  At  this  time,  about  the  January 
of  1844,  I  was  thoroughly  shattered. 
The  least  attempt  at  exercise  exhausted  ' 
me.  The  nerves  gave  way  at  the  most 
ordinary  excitement — a  chronic  irrita- 
tion of  that  vast  surface  we  call  the 
mucous  membrane,  M^iich  had  defied 
for  many  years  all  medical  skill,  ren- 
dered me  continually  liable  to  acute  at- 
tacks, which  from  their  repetition,  and 
the  increased  feebleness  of  my  frame, 
might  at  any  time  be  fatal.  Though 
free  from  any  organic  disease  of  tlie 
heart,  its  action  was  moi-bidly  restless 
and  painful.  My  sleep  was  without 
refreshment.  At  morning  I  rose  more  ;j 
weary  than  I  had  lain  down  to  rest. 

"  Without  fatiguing  you  and  your 
readers  with  the  longa  cohors  of  my 
complaints,  I  pass  on  to  record  my 
struggle  to  resist  them.  I  have  always 
had  a  great  belief  in  the  power  of 
WILL.  AVhat  a  man  determines  to  do 
— that  in  ninety-nine  cases  out  of  the  , 
hundred  I  hold  that  he  succeeds  in 
doing.  I  determined  to  have  some 
insight  into  a  knowledge  I  had  never 
obtained  since  manhood — the  know- 
ledge of  health. 

"  I  resolutely  put  away  books  and 
study,  sought  the  airs  which  the  phy- 
sicians deemed  most  healthful,  and 
adopted  the  strict  regimen  on  which 
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all  the  children  of  Esculapius  so  wisely 
insist.  In  short,  I  maintained  the  same 
general  habits  as  to  hours  and  diet 
(with  the  exception  of  wine,  which  in 
moderate  quantities  seemed  to  me  in- 
dispensable), as  I  afterwards  found  in- 
stituted at  hydropathic  establishments. 

"  I  dwell  on  this  to  forestall  in  some 
degree  the  common  remark  of  persons 
not  well  acquainted  with  the  medical 
agencies  of  water — that  it  is  to  the 
regular  life  which  water-patients  lead, 
and  not  to  the  aliment  itself,  that  they 
owe  their  recovery.  Nevertheless,  I 
found  that  these  changes,  however 
salutary  in  theory,  produced  little,  if 
any,  practical  amelioration  in  my 
health. 

"  All  invalids  know,  perhaps,  how 
difficult,  under  ordinary  circumstances, 
is  the  alteration  of  habits  from  bad  to 
good.  The  early  rising,  the  walk  be- 
fore breakfast,  so  delicious  in  the  feel- 
ings of  freshness  and  vigour  which 
they  bestow  upon  the  strong,  often 
become  punishments  to  the  valetudi- 
narian. Headache,  languor,  a  sense  of 
weariness  over  the  eyes,  a  sinking  of 
the  whole  system  towards  noon,  which 
seemed  imperiously  to  demand  the 
dangerous  aid  of  stimulants,  were  all 
that  I  obtained  by  the  morning  breeze 
and  the  languid  stroll  by  the  sea-shore. 

"  The  suspension  of  study  only  af- 
flicted me  with  intolerable  ennui,  and 
added  to  the  profound  dejection  of  the 
spirits.  The  brain  so  long  accustomed 
to  morbid  activity,  was  but  withdrawn 
from  its  usual  occupations  to  invent 
horrors  and  chimeras.  Over  the  pil- 
low, vainly  sought  two  hours  before 
midnight,  hovered  no  golden  sleep. 
The  absence  of  excitement,  however 
unhealthy,  only  aggravated  the  symp- 
toms of  ill-health.'"* 

This  case  is  doubly  instructive  ;  for 
we  see,  in  the  first  place,  how  the  ig- 
norance of  physiological  knowledge 
led  to  the  long-continued  infringement 
of  the  laws  of  health,  and,  in  the  second 
place,  how  the  same  ignorance  per- 
mitted the  delusion  that  restoration 
from  a  state  of  such  long-established 
suffering  could  be  effected  simply  by 

•  Confessions  of  a  Water-patient. 


"  seeking  the  airs  which  the  physicians 
deemed  most  healthful,  and  adopting 
the  strict  regimen  on  which  all  the 
children  of  Esculapius  so  wisely  insist." 
Through  a  period  of  long  years  the 
frame  "  had  been  put  off  and  trifled 
with  as  an  intrusive  dun,"  till  at  last 
it  "  brought  in  its  arrears,  crushing 
and  terrible."  The  whole  system  was 
shattered  ;  every  function  was  im- 
paired. "  The  physician  said  '  Travel,' 
and  I  travelled;  '  Go  into  the  country,' 
and  I  went ;"  but  the  physician  could 
not  remove  that  ignorance  of  the  laws 
of  the  human  constitution  which  had 
produced  the  malady,  and  which  still 
interfered  with  its  removal.  To  those 
who  have  read  the  chapter  on  Muscu- 
lar Exercise  in  the  present  work  we 
need  not  say  that  the  morning  walk 
reluctantly  undertaken  as  a  task,  and 
the  languid  stroll  by  the  sea-side,  so 
far  from  being  in  accordance  with  the 
laws  of  health,  or  even  with  the  rules 
"  instituted  in  hydropathic  establish- 
ments," were  in  reality  opposed  to 
both,  and  decidedly  "frauds  on  the 
constitution."* 

No  wonder,  then,  that  from  such 
practice  the  wretched  invalid  failed  to 
draw  relief.  Country  air  and  exercise 
were  in  themselves  rational  prescrip- 
tions, but  they  required  to  be  ration- 
ally administered ;  and  even  then  the 
improvement  to  be  expected  in  such  a 
condition  could  be  but  slow  and  fluctu- 
ating. Disappointed  in  his  hopes  of 
amendment,  Sir  Edward  had  recourse 
to  hydropathy,  and  in  pursuing  this 
system  was  incidentally  placed  in  cir- 
cumstances much  more  favourable  to 
the  restoration  of  healthy  action,  than 
those  he  had  previously  been  in,  al- 
though they  appeared  to  him  to  consist 
of  the  same  "  general  habits  as  to 
hours  and  diet"  which  he  had  formerly 
pursued.  But  in  reality  there  were 
essential  differences.  The  languid 
stroll  by  the  sea-side  which  produces 
no  acceleration  of  the  vital  metaraoi'- 
phoses,  was  exchanged  for  invigorat- 
ing mountain-exercise,  which,  by  pro- 
moting those  changes,  is  so  indispens- 
able an  adjunct  of  the  water-cure  that 

*  See  page  105. 
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the  system  fails  on  the  iilain.  There 
•was  now,  nioreovei',  a  hopeful  mental 
condition,  kept  up  by  clieerful  social 
intercourse,  which  tended  to  soothe  the 
morbid  excitement  of  the  nervous  sys- 
tem, and  rendered  exercise  no  longer 
a  burden  and  a  punishment.  If  to 
these  reasons  for  improvement  we  add 
the  occupation  of  following  out  the 
system,  the  influence  of  the  early  hours 
for  meals,  and  the  stimulus  imparted 
to  the  cutaneous  functions  by  the  ap- 
plication of  the  water,  we  can  readily 
see  good  grounds  for  believing  that 
the  patient  derived  benefit  from  the 
water-cure.  But  no  treatment  could 
obliterate  all  the  consequences  of  his 
former  habits ;  "  I  do  not  even  now 
affect,"  he  says,  "  to  boast  of  a  perfect 
and  complete  deliverance  from  all  my 
ailments."  Isov  could  such  a  consum- 
mation be  rationally  expected.  The 
"  arrears,  crushing  and  terrible,  accu- 
mulated through  long  years,"  could 
not  be  liquidated  in  a  week — nor  in  a 
month — nor  in  a  year — probably  not 
fully  liquidated  in  all  the  remaining 
years  of  life.  There  exists  no  royal 
road  by  which  the  frame,  wherein 
"  the  tear  and  wear  went  on  without 
intermission — the  whirl  of  the  wheel 
never  ceased,"  could  be  conducted 
back  to  health  and  strength.  Ifature 
cannot  for  ever  be  evaded-  like  an  in- 
trusive dun.  Sooner  or  later  she  will 
assert  her  claims;  and  the  longer  the 
settlement  is  delayed,  the  heavier  will 
be  the  reckonincr  at  last. 

I  have  seen  several  instances  of  in- 
sanity, and  also  of  total  incapacity  for 
future  useful  exertion,  brought  on  by 
long-protracted  and  severe  study,  in 
subjects  whose  talents,  under  a  better 
system  of  cultivation,  would  have 
raised  them  to  that  eminence,  the  in- 
judicious pursuit  of  which  had  defeated 
their  own  object,  and  ruined  their 
general  health.  l)r  IJrowne  of  Dum- 
fries mentions,  in  the  !Ninth  Annual 
Report  of  the  ('richton  Koyal  Institu- 
tion, a  patient  who,  '•'  himself  a  teach- 
er, trained  u:ider  a  system  wliich  en- 
forced continuous  application, enjoined 
an  hour's  relaxation  and  eleven  of 
study,  or  mental  application  of  some 


kind,  and  openly  professed  as  an  ob- 
ject to  condense  the  greatest  possible 
amount  of  knowledge  into  the  shortest 
possible  time, — is  now  exhausted,  de- 
jected, dispirited,  aged  and  decrepid 
in  mind,  but  deluded  with  the  belief 
that  he  lias  accomplished  all  things." 
Pojie  was  another  remarkable  victim 
of  this  error.  By  excessive  application, 
he  had  reduced  his  health  to  such  a 
deplorable  state,  that  lie  at  last  gave 
way  to  it  and  prepared  to  die.  "  He 
fell  into  that  state  of  exhaustion,  w  liich 
Smollett,  too,  once  experienced  for 
half  a  year,  a  coma  vi<jil — an  affection 
of  the  brain,  when  the  principle  of 
life  is  so  reduced  that  all  external  ob- 
jects appear  as  if  passing  in  a  dream, 
— a  sort  of  torpid  indistinct  existence." 
Dr  Radcliffe  heard  of  his  condition, 
and  ordered  him  to  give  uj)  study  and 
ride  on  horseback.  Pope  fortunately 
followed  the  advice,  and  regained  com- 
parative health.  In  two  cases  of  a 
similar  description  which  came  under 
my  own  notice,  the  sufiTei'ei's  made  the 
remark,  that  early  instruction  in  the 
structure  and  laws  of  the  animal  eco- 
nomy, such  as  that  which  I  am  now 
attempting  to  communicate,  might 
have  saved  tliem.  Both  meant  well, 
and  erred  from  ignorance  more  tlian 
from  headstrong  zeal. 

As  an  example,  on  the  other  hand, 
of  the  advantages  that  are  gained  by 
duly  alternating  application  and  re- 
laxation, I  may  mention  that  a  few 
years  ago  the  system  of  granting  a 
inontli's  leave  of  absence  annually  to 
the  clerks  in  the  Bank  of  England  was 
introduced  by  the  Governor,  Mr  Cot- 
ton. It  was  expected  that  the  change 
would  render  an  addition  of  twenty 
clerks  necessai-y  to  admit  of  the  Bank's 
business  being  properly  performed ; 
but  experience  shewed  that  no  increase 
whatever  was  required.  The  number 
of  absentees  from  indisposition  was  so 
much  reduced,  and  the  efficiency  of  | 
the  officers  on  duty  so  much  increased,  j 
that  even  less  difficulty  was  found  in  ] 
conducting  the  business  of  the  esta- 
blishment than  before.  Instead  of 
being  commended,  as  in  former  times, 
for  constant  attendance  at  his  post 
without  availing  himself  of  the  leave 
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of  absence,  a  clerk  is  now  considered 
as  rather  doing  wrong  in  neglecting  the 
opportunity  of  recruiting  his  strength. 

In  the  first  number  of  the  American 
Annals  of  Education  there  is  an  in- 
structive article  which  strikingly  il- 
lustrates the   preceding  exposition. 
"  For  twenty  years  and  more,"  says 
the  writer,  in  reference  to  what  had 
taken  place  in  an  American  seminary, 
"  the  unnatural  union  of  sedentary 
with  studious  habits,  contracted  by  the 
monastic  system,  has  been  killing  in 
the  middle  age.     The   Register  of 
Education  shews,  in  one  year,  120 
deaths.    Examine  into  the  particular 
cases,  and  these  will  be  found  the  un- 
doubted effects  of  sedentary  habits. 
Look  at  one  name  there.   He  had  valu- 
able gifts,  perfected  by  two  years' 
academic,  four  years'  collegiate,  and 
three  years'  theological  studies.  He 
preached,  gave  much  i^romise,  and  then 
died  of  a  stomach  disease.    He  con- 
tracted it  when  a  student.    He  did  not 
alternate  bodily  with  mental  labour, 
or  he  had  lived  and  been  a  blessing  to 
the  church.    When  he  entered  on  his 
studies,  he  was  growing  into  full  size  and 
strength.    He  sat  down  till  his  muscles 
dwindled,  his  digestion  became  disor- 
dered, his  chest  contracted,  his  lungs 
congested,  and  his  head  liable  to  periodi- 
cal pains.     He  sat  four  years  in  col- 
lege, and  three  years  in  theological 
application.    Look  at  him  now.  He 
has  gained  much  useful  knowledge, 
and  has  improved  his  talents  ;  he  has 
lost  his  health.    The  duties  of  his 
mind  and  heart  were  done,  and  faith- 
fully so ;  but  those  of  his  body  were 
left  undone.      Three    hundred  and 
seventy-five  muscles,  organs  of  motion, 
have  been  robbed  of  their  aiipropriate 
action  for  nine  or  ten  years,  and  now 
they  have  become,  alike  luith  the  rest  of 
his  frame,  the  prey  of  near  one  hundred 
and  fifty  diseased  and  irritable  nerves." 
— "  Look  at  another  case.  Exposure 
incident  to  the  parson  or  missionary 
has  developed  the  disease  in  his  chest, 
planted  there  while  fitting  himself  for 
usefulness.  He  contracted  a  sedentary, 
while  he  was  gaining  a  studious  habit. 
That  which  he  sows,  that  also  shall 
he  reap.    The  east  winds  give  him 


colds  ;  a  pulpit  efibrt  causes  hoarse- 
ness and  cough,  ojipression  and  pain. 
He  becomes  alarmed  and  nervous. 
His  views  of  usefulness  begin  to  be 
limited.  He  must  now  go  by  direction, 
and  not  so  much  to  labour  where  other- 
wise  he  would  have  been  most  wanted, 
as  to  nurse  his  broken  constitution. 
He  soon  adds  to  the  number  of  myste- 
rious providences, — to  the  number  of 
innocent  victims,  rather,  of  cultivat- 
ing the  mind  and  heart,  at  the  unne- 
cessary and  sinful  expense  of  the 
body, — to  the  number  of  loud  calls  to 
alternate  mental  and  corporeal  action 
daily,  for  the  reciprocal  sanity  and 
vigour  of  both  body  and  mind." 

In  early  and  middle  life,  fever,  with 
an  unusual  degree  of  cerebral  disor- 
der, is  a  common  consequence  of  the 
excessive  and  continued  excitement  of 
the  brain,  which  is  brought  on  by  se- 
vere study,  unremitted  mental  exer- 
tion, anxiety,  and  watching.  Some 
very  marked  cases  of  this  kind  have 
come  under  my  observation  ;  but  that 
of  Sir  Humphry  Davy  is  so  strikingly 
illustrative  of  the  dangers  alluded  to, 
tliat  I  cannot  do  better  than  lay  it  be- 
fore the  reader.  In  November  1807, 
that  distinguished  philosopher  was 
seized  with  very  severe  fever,  in  conse- 
quence of  the  excitement  and  fatigue 
which  he  underwent  when  engaged  in 
the  researches  that  led  to  his  splen- 
did discovery  of  the  alkaline  metals. 
"  The  laboratory  of  the  Institution 
was  crowded  with  persons  of  every 
rank  and  description,  and  Davy,  as 
may  be  readily  supposed,  was  kept  in 
a  continued  state  of  excitement 
throughout  the  day.  This  circum- 
stance, co-operating  with  the  effects  of 
the  fatigue  he  had  previously  under- 
gone, produced  a  most  severe  fit  of 
illness,  which,  for  a  time,  caused  an 
awful  pause  in  his  researches,  broke 
the  tliread  of  his  pursuits,  and  turned 
his  reflections  into  different  channels. 
Davy  ascribed  his  illness  to  contagion 
caught  in  experimenting  on  the  fumi- 
gation of  hospitals."  "  Upon  con- 
versing, however,  with  Dr  Eabington, 
who,  with  Dr  Frank,  attended  Davy 
tlu-oughout  his  illness,  he  assured  me 
that  there  was  not  the  slightest  ground 
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for  this  opinion,  and  that  the  fever 
■was  evidently  the  effect  of  fati'jue  and 
an  over-excited  brain.  The  reader 
will  not  feel  much  hesitation  in  be- 
lieving this  statement,  when  he  is 
made  acquainted  with  the  habits  of 
Davy  at  this  pei'iod.  JT/s  intellectual 
exertions  were  of  the  most  injurious 
kind,  and  yet,  unlike  the  philosophers 
of  old,  he  sought  not  to  fortify  him- 
self by  habits  of  temperance."'  "Such 
was  his  great  celebrity  at  this  period 
of  his  career, that  personsof  thehighest 
rank  contended  for  the  honour  of 
his  company  at  dinner,  and  he  did  not 
possess  sufficient  resolution  to  resist 
the  gratification  thus  afforded,  al- 
though it  generally  happened  that  his 
pursuits  in  the  laboratory  were  not  sus- 
pended until  the  appointed  dinner  hour 
had  passed.  On  his  return  in  the  even- 
ing, he  resumed  his  chemical  labours, 
and  commonly  continued themtill  three  or 
four  o'clock  in  the  morning,  and  yet  the 
servants  of  the  establishment  •not  unfre- 
quently  found  that  he  had  riseyi  before 
them."  Such  was  the  alarming  state 
of  his  health,  that  for  many  weeks  his 
physician  regularly  visited  him  four 
times  in  the  day  ;  and  the  housekeeper, 
Mrs  Greenwood,  never  retired  to  bed 
except  one  night  during  eleven  weeks. 
In  the  latter  part  of  his  illness,  "  he 
was  reduced  to  the  extreme  of  weak- 
ness, and  his  mind  participated  in  the 
debility  of  his  body."* 

»  Paris's  Life  of  Sir  H.  Dai-y,  p.  183. 
It  is  proper  to  mention,  that  in  the  "  Me- 
moirs of  the  Life  of  Sir  Humphry  Davy,'' 
by  liis  brother  Dr  John  Davy,  Dr  Paris  is 
accused  of  much  exaggeration  in  what  is 
quoted  above.  "  Instead,"  says  Dr  Davy, 
"  of  returning  to  the  laboratory  after  din- 
ner, and  working  there  till  a  late  hour,  and 
resuming  his  labours  after  three  or  four 
hours'  sleep,  it  was  very  unusual  for  my 
brother  to  revisit  it  after  he  had  dressed 
for  dinner,  and  before  breakfast  I  do  not 
believe  he  ever  entered  its  precincts.  He 
was  never,  to  the  best  of  my  knowledge,  in 
the  habit  of  abridging  gi-eatly  his  hours  of 
rest,  which  were  commonly  seven  or  eight." 
(Vol  i.,  p.  2C2.)  Dr  Davy,  however,  con- 
firms the  statement  as  to  Iiis  Ijrother's  nu- 
merous dinner-engagements  and  likewise 
mentions  that  his  physicians  "  considered  the 
disease  as  the  result  of  ovcr-f;itiguc  and  ex- 
citement from  his  experimental  labours  and 


Instances  sometimes  occur  of  pei-- 
sons,  exhausted  by  anxiety  and  long 
attendance  on  others,  being  themselves 
attacked  by  fever,  and  dying,  more 
from  the  unfavourable  state  to  whicli 
previous  exhaustion  had  reduced  them, 
than  from  the  intensity  of  the  fever 
itself. 

Nervous  disease  from  excessive 
mental  labour  and  exaltation  of  feel- 
ing, sometimes  shews  itself  in  anotlier 
form.  From  the  want  of  proper  in- 
tervals of  rest,  the  vascular  excite- 
ment of  the  brain,  wliich  always  ac- 
companies activity  of  mind,  never  has 
tinie  to  subside,  and  a  restless  irrita- 
bility of  temper  and  disposition  comes 
on,  attended  witli  sleeplessness  and 
anxiety,  for  which  no  external  cause 
can  be  assigned.  The  symptoms  gra- 
dually become  aggravated,  the  diges- 
tive functions  give  way,  nutrition  is 
impaired,  and  a  sense  of  wretchedness 
is  constantly  present,  which  often 
leads  to  attempts  at  suicide.  While  all 
this  is  going  on,  however,  the  patient 
will  talk  or  transact  business  with 
perfect  propriety  and  accuracy,  and 
no  stranger  could  tell  that  any  thing 
ails  him.  But  in  his  intercourse  with 
Ills  intimate  friends  or  pliysician,  the 
havoc  made  upon  the  mind  becomes 
apparent;  and,  if  not  speedily  ar- 
rested, it  soon  terminates  (according 
to  the  constitution  and  circumstances 
of  the  individual  concerned)  in  de- 
rangement, palsy,  apoplexy,  fever,  sui- 
cide, or  permanent  weakness. 

As  age  advances,  moderation  in 
mental  exertion  becomes  still  more  ne- 
cessary than  in  early  or  mature  years. 
Scipion  Pinel,  in  adverting  to  the 
evil  consequences  of  excessive  moral 
or  intellectual  excitement,  acutely  re- 
marks, that  although  in  youth  and 
manhood  the  wear  of  the  brain  thus 
induced  may  be  repaired,  no  such  re- 
storative process  follows  over-exertion 
in  the  decline  of  life;  what  is  lost 
then  is  lost  for  ever.  At  that  period, 
we  must  learn  to  wait  for  what  the 
brain  is  willing  to  give,  and  allow  it 
to  work  at  its  own  time :  to  attempt 

discoveries."  (P.  38G.)  This  opinion  was 
expressed  by  Dr  Babingtou  to  Dr  Davy 
himself. 
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to  force  it  it  to  weaken  it  to  no  purpose ; 
it  becomes  excited  and  quickly  ex- 
hausted wlien  forced  to  vigorous 
thinking." — "  Men  of  exalted  intel- 
lect perish  by  their  brains,  and  such 
is  the  noble  end  of  those  Whoso  genius 
procures  for  them  that  immortality 
which  so  many  ardently  desire.'"* 

Who  can  peruse  these  lines  without 
the  fate  of  Sir  AV'alter  Scott  occurring 
to  his  uiind  as  a  practical  illustration 
of  their  truth  ?  In  the  vigour  of  man- 
hood, few  ever  wrote  so  much,  or  with 
greater  ease.  But  when,  on  the 
verge  of  old  age,  adversity  forced  him 
to  unparalleled  exertion,  the  organic 
waste  could  no  longer  be  repaired,  and 
perseverance  only  '•  weakened  the 
brain  to  no  purpose,"  till  morbid  ir- 
ritability became  the  substitute  of 
healthy  power,  and  he  perished  by 
that  brain  which  had  served  him  so 
faithfully  and  so  efficiently,  but  which 
could  no  longer  perform  with  safety 
the  gigantic  efforts  which  he  con- 
tinued to  demand  fi'oni  it. 

It  is  well  remarked  by  Tissot,  that 
the  disorders  produced  by  the  efforts 
of  the  mind  fall  soonest  upon  such  as 
are  incessantly  engaged  in  the  con- 
templation of  the  same  object.  In  this 
case,  he  adds,  there  is  only  one  part  of 
the  scnsorium  (brain)  acted  upon,  and 
that  is  kept  always  on  the  stretch ;  it  is 
not  relieved  by  the  action  of  the  other 
parts,  and  therefore  is  sooner  fatujued 
and  injured;  the  same  rule  holding 
with  the  brain  as  with  the  muscles, 
that  the  exercise,  which,  if  divided 
among  the  different  parts  of  which  it 
is  composed,  will  strengthen  them, 
will,  if  confined  to  a  few,  exhaust  and 
impair  them.  Boerhaave  himself,  after 
a  long  period  of  intense  thinking,  suf- 
fered for  six  weeks  from  excitement  of 
the  brain,  bordering  on  madness,  and 
characterised  by  that  want  of  sleep, 
irritability,  and  indifference  to  ordi- 
nary interests,  which  so  often  appear 
as  the  harbingers  of  insanity,  ilental 
labour  is  also  doubly  exhausting  when 
it  is  the  offspring  of  compulsion,  and 
not  of  spontaneous  activity.  There  is 
something  in  the  ready  fertility  of  a 

^  Physiologie  de  I'Homme  Alicnc,  p.  177. 


naturally  active  mind,  which  enables 
it  to  throw  off  its  ideas  with  little, 
if  any,  injury  to  the  nervous  system, 
when  that  activity  is  not  carried  to 
morbid  excess.  But  when  the  brain 
has  become  enfeebled  by  bad  health 
or  over-exertion,  and  it  is  found  ne- 
cessary to  pore  over  a  subject  before 
any  ideas  can  be  elicited,  then  the 
mental  effort  becomes  very  exhausting. 
'*  Cudgelling  the  brains  "  is  the  phrase 
colloquially  applied  among  literary 
men  to  this  jjainful  and  hurtful  pro- 
cess. In  like  manner,  I  have  known 
motliors  in  an  infirm  state  of  health  do 
themselves  irreparable  injury  by  per- 
sisting in  forced  efforts  to  educate  their 
children,  when  their  natural  elasticity 
of  mind  had  been  entirely  destroyed  by 
long-continued  nervous  disease.  The 
loss  of  tone  thus  induced  gives  rise  to 
mental  feebleness  extremely  difficult 
to  remove. 

The  number  of  literary  and  public 
men,  students,  and  persons  in  business, 
who  do  themselves  irreparable  injury 
in  a  similar  manner  is  so  great,  that 
few  of  my  readers  who  have  had  ex- 
perience of  the  world  will  be  at  a  loss 
for  examples  even  among  their  own 
acquaintances.  In  addition  to  Davy, 
Scott,  and  others,  already  mentioned, 
Sir  Isaac  Newton  may  be  referred  to, 
as  it  is  now  certain  that  his  mind  was 
for  a  time  disordered  by  excessive  ap- 
plication, and  there  is  much  reason  to 
believe  that  he  never  altogether  re- 
covered from  the  shock.*  The  more 
limited  the  sphere  of  talent,  the  greater 
the  danger  of  the  brain  being  over- 
exercised,  particularly  where  the  tem- 
perament is  quick  and  irritable;  and 
hence  the  frequency  of  nervous  affec- 
tions in  musicians,  and  others  of  sus- 
ceptible minds,  who  dedicate  their  lives 
to  the  exclusive  cultivation  of  their  arts. 
It  is  said  that  Gretry  not  only  ruined 
his  own  health,  but  lost  three  highly- 
gifted  and  beautiful  daughters  in  suc- 
cession, from  over-excitenient  of  the 
nervous  system  thus  induced ;  and  there 
can  be  no  doubt  that  the  melancholy 

'»  See  Brewster's  Life  of  Newton  ;  Phre- 
nological Journal,  vol,  vii.,  p.  335  ;  and 
Edinburgh  lleview,  vol.  1.,  p.  22. 
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fate  of  Weber  was  greatly  hastened 
by  intense  application,  lie  continued 
deeply  engaged  in  musical  composition 
long  after  bis  health  was  undermined ; 
and  even  when  the  hand  of  death  was 
almost  upon  him,  his  avocations  press- 
ed so  heavily  that  he  could  not  help  ex- 
claiming, "  Would  that  I  were  a  tailor, 
for  then  I  should  have  a  Sunday's  holi- 
day.The  philanthropic  physician 
will  rather  be  inclined  to  exclaim, 
"  Would  that  mankind  would  study 
their  bodily  structure  and  functions, 
and  tlius  learn  to  preserve  longer  the 
health  and  existence  of  those  whose 
genius  is  the  source  of  so  many  plea- 
sures to  the  world  at  large !" 

So  little,  however,  is  this  close  con- 
nection of  the  mind  with  the  brain 
practically  understood  even  by  well 
educated  medical  men,  that  instances 
are  constantly  occurring  among  them- 
selves of  the  health  of  the  nervous 
system    being   ruined   by  excessive 
application    of   mind,    without  the 
sufferer  in  the  least  suspecting  the 
true  cause  of  his  ailments.    This  fact 
is  well  exemplified  in  the  following 
melancholy  instance  of  the  ruinous 
effects  of  injudicious  application  which 
has  recently  come  under  my  notice, 
and  deserves  attention,  as  its  subject 
was  a  highly  accomplished  and  well- 
informed    physician.      Besides  per- 
forming numerous  professional  duties, 
he  was  much  occupied  in  the  composi- 
tion of  a  medical  treatise.    He  became 
deeply  interested  in  the  subject,  and 
was  in  the  habit  of  pursuing  study 
and  composition  regularly  till  two 
o'clock  in  the  morning,  and  allowing 
himself  very  little  time  for  exercise, 
digestion,  or  repose.  The  natural  con- 
sequence was  a  most  severe  attack  of 
fever,  accompanied  by  epileptic  fits 
and  mental  prosti'ation,  and  threaten- 
ing to  result  in  death,  or  at  least  in 
permanent  deterioration  of  the  cerebral 
powers. 

This  is  no  solitary  case,  for  nume- 
rous similar  instances  are  recorded  in 
the  woi-ks  of  practical  physicians,  and 
Dr  Forbes  Winslow  does  not  hesitate 
to  say  that  by  no  class  of  society  are 
the  laws  which  govern  the  healthy 
action  of  the  brain  so  much  neglected 


as  by  medical  men  themselves.*  "  It 
is  indeed  lamentable,"  saj-s  he,  "  to 
witness  the  devastations  which  have 
followed  a  non-recognition  of  this 
imjjortant  law  among  some  of  the 
brightest  ornaments  of  our  profession. 
Let  us  be  wise  in  time.  As  we  rest 
the  stomach  when  it  presents  evidence 
of  its  powers  having  been  unduly 
strained,  so  let  us  allow  the  brain  to 
repose  when  we  feel  conscious  that  its 
peculiar  functions  have  been  severely 
exercised,  and  the  mind  presents  devi- 
ations from  the  normal  state."  That 
this  warning   is   really  needed,  Dr 


IS 

Winslow  shews  by  narrating  several 
cases,  two  of  which,  as  we  deeply  feel 
the  importance  of  the  subject,  we  shall 
here  extract. 

"  A  medical  gentleman,"  says  he, 
"  was  placed  under  my  care  by  Dr 
Conolly.    He  had  for  some  j'ears  been 
occupied  in  conducting  an  extensive 
country  practice.    Not  satisfied  with 
the  amount   of   anxiety  necessarily 
resulting  from  bis  professional  labours, 
he  was  in  the  habit  of  sitting  u^j  until 
two  or  three  o'clock  in  the  morning 
engaged   in   study.    His  mind  soon 
became    impaired,    and  committing 
some  acts  of  extravagance  whilst  out 
visiting  his  patients,  he  was  detained 
by  a  magistrate,  and,  with  the  consent 
of  his  familj-,  was  sent  to  a  county 
asylum.  In  the  course  of  a  few  weeks 
he  was  transferred  to  me.    The  case 
gave  unequivocal  indications  of  mental 
debility,  with  obvious  incipient  para- 
lysis.    There  could  be  no  doubt  of 
the  nature  of  the  case.    All  who  saw 
the   gentleman    pronounced   him  to 
have  softening  of  the  brain.    In  eight 
months  he  left  me  perfectly  restored. 
Alas !  these  cures  are  not  of  common 
occurrence." 

Again :  "  A  physician,  who  had 
been  engaged  for  a  period  of  twenty 
years  in  active  practice,  had  been  sub- 
ject for  a  few  years  prior  to  his 
attack  to  an  unusual  degree  of  mental 
excitement  and  hard  work.  His  wife 
urged  him  repeatedly  to  retire  from 
the  active  duties  of  his  profession,  but 
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he  declared  his  intention  of  dying  in 
harness.  The  first  symptom  which  he 
mamfestcd  was  his  mistaking  the 
names  of  two  sisters  whom  he  at- 
tended, an  unusual  thing  for  him,  as 
he  was  generally  so  very  particular 
and  precise  in  all  his  transactions  with 
tlicm.  I  was  consulted  in  this  case, 
when,  alas !  I  could  hold  out  no  hope 
of  recovery.  His  wife  informed  me 
that  before  the  mental  confusion  be- 
came so  apparent  as  to  attract  the 
patient's  own  observation,  she  had 
noticed  an  alteration  in  his  manner, 
which  made  her  fearful  that  he  was 
overstraining  the  powei-s  of  his  mind. 
He  was  observed  to  be  more  than  or- 
dinarily restless  and  fidgetty,  forget- 
ting his  appointments,  anxious  about 
trifles,  and  apprehensive  of  being  left 
in  adverse  circumstances.  This  alter- 
ation in  his  mental  powers  was  per- 
ceptible eight  months  before  the  family 
would  believe  that  anything  serious 
was  portending." 

Similar  cases  must  have  occurred 
in  the  practice  of  every  medical 
man,  and  the  only  hope  of  cure  is  to 
be  sought  in  entire  rest  of  the 
BRAIN,  combined  with  change  of  scene, 
and  appropriate  tonic  treatment. 
Great  tact  on  the  part  of  the  medical 
attendant  is,  however,  frequently 
necessary  to  persuade  the  patient  to 
follow  the  advice  which  is  given.  The 
inability  to  attend  to  business  is  not 
complete,  and  the  patient  cannot  be 
persuaded  that  his  business  may  be 
safely  carried  on  without  his  personal 
superintendence,  although  for  some 
time  past  sucli  superintendence  has 
been  productive  of  more  harm  tlian 
good.  It  is  the  duty  of  every  medical 
man,  therefore,  to  warn  his  patient 
of  the  consequences  which  overwork 
is  likely  to  produce,  before  the  setting 
in  of  actual  disease,  and  while  the 
mind  is  yet  capable  of  perceiving 
the  dangers  on  which  he  is  blindly 
running.  How  many  valuable  lives 
miglit  thus  have  been  saved  to  their 
families  and  society  I  for  it  is  in  the 
ranks  of  the  most  able,  the  most  active, 
and  the  most  ardent,  that  the  victims 
of  overtasked  brains  are  most  fre- 
quently found. 


Some  years  ago  a  distinguished 
member  of  the  medical  profession  in 
America  visited  Europe  while  in  the 
full  zenith  of  usefulness  and  rejiuta- 
tion.  During  an  after-dinner  conver- 
sation he  gave  the  following  reasons 
for  deserting  for  a  year  or  two  a 
highly  remunerative  practice.  He 
had  remarked,  he  said,  that  many  of 
his  professional  brethren  who  had  for 
a  course  of  years  been  actively  en- 
gaged in  practice,  and  been  in  a  state 
of  health  which  promised  prolonged 
life,  suddenly  broke  down  at  the  very 
moment  wlien  a  career  of  wealth  and 
honour  seemed  opened  before  them. 
This  result  he  ascribed  to  the  over- 
tasking of  the  brain,  and  he  deter- 
mined himself  to  avoid  the  evil  by 
taking  an  interval  of  rest  from  all 
professional  cares  and  anxieties.  He 
returned  to  America  with  an  invigor- 
ated constitution,  and  has  been  again 
for  several  years  engaged  in  an  exten- 
sive practice. 

I  shall  take  leave  of  this  most  im- 
portant subject  by  adducing  another 
example,  taken  from  the  biography  of 
tlie  late  Lord  Dudlej%  and  which  pre- 
sents so  many  instructive  particulars 
in  a  physiological  point  of  view,  that 
I  regret  being  unable  to  notice  it  at 
greater  length.  The  following  ex- 
tracts from  the  Quarterly  Review  are, 
however,  so  pertinent  in  themselves, 
and  express  so  clearly  the  value  of  the 
principles  which  I  have  been  expound- 
ing, that  I  cannot  resist  laying  them 
before  tlie  reader.  After  mentioning 
that  Lord  Dudley  was  brought  up 
from  his  earliest  years  in  a  state  of 
entire  isolation,  the  reviewer  adds, 
that  "  the  solitary  boy,  without 
brothers,  sisters,  or  playfellows  of  his 
own  age,  became  a  man  in  habits 
while  yet  a  child."  "  Deprived  of 
out-of-door  pastimes  congenial  to 
youth,  he  was  driven  to  his  books 
alone  for  solace  and  companionship. 
The  lurking  hereditary  malady  was 
strengthened  by  his  over-studious  an<l 
sedentary  habits.  The  irritable  sus- 
ceptibility of  the  brain  was  stimu- 
lated at  the  expense  of  bodily  power 
and  health,  without  which  pleasure 
itself  ceases  to  be  pleasure.  Dear 
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indeed  is  knowledge  purchased  at  the 
expense  of  happiness.  llis  foolish 
tutors  took  a  pride  in  his  precocious 
progress,  which  tliey  ought  to  have 
kept  back.  Tliey  watered  the  forced 
plant  with  the  blood  of  life  ;  thej' 
encouraged  the  violation  of  Nature's 
laws,  which  are  not  to  be  broken  in 
vain  ■  they  infringed  the  condition  of 
conjoint  moral  and  physical  existence ; 
they  imprisoned  him  in  a  vicious  circle, 
where  the  overworked  brain  injured 
the  stomach,  which  reacted  to  the  in- 
jury of  the  brain.  Theij  watched  the 
slightest  deviation  from  the  rules  of 
logic,  and  neglected  those  of  dietetics,  to 
which  the  former'^  are  a  farce.  They 
thought  of  no  exercises  but  in  Latin 
— they  gave  him  a  Gradus  instead  of 
a  cricket-bat,  until  his  mind  became 
too  keen  [for  its  mortal  coil;  and  tlie 
foundation  was  laid  for  Ul  health,  de- 
rangement of  stomach,  moral  pusilla- 
nimity, irresolution,  lowness  of  spirits, 
and  all  the  Protean  miseries  of  nervous 
disorders,  by  which  his  after-life  was 
haunted,  and  which  are  sadly  depicted 
in  almost  every  letter  now  before  us. 

"  One,  indeed,  of  the  boj''s  many 
instructors  observed  the  silent  ope- 
ration of  these  morbid  causes,  and 
having  learnt  Latin  to  some  purpose, 
pursued  the  golden  rule  of  education — 
Mens  Sana  in  corpore  sano.  This  was 
a  wise  man  after  the  manner  of  Anaxa- 
goras,  that  respectable  ancient,  who 
requested  on  his  death-bed  that  all  the 
school-boys  of  Lampsacus  might  have 
a  month's  holidays.  He  accordingly 
locked  the  study-door,  threw  logic  to 
the  dogs,  turned  his  pu2)il  out  to  grass, 
and  set  him  to  work  at  the  unscholas- 
tic  pursuit  of  foxes.  He  opined  that 
it  was  bodily  exertion  and  mental  in- 
action which  generates  the  rude  licaltli 
— the  'dura  ilia' of  country  squires 
and  haymakers,  who  never  fatigue 
their  sensor iums,  nor  fritter  away 
their  nervous  energy,  nor  i-ob  their 
gastric  juices  from  a  mistaken  regard 
to  their  pia  maters.  The  new  instruc- 
tor, tlierefore,  took  tlie  Aristotelian 
method  in  this  decided  case  of  per- 
version— he  bent  the  twig  in  tlie  con- 
trary direction,  in  the  hope  of  ulti- 
mately bringing  it  to  the  perpendicu- 


lar. But  unfortunately  the  news  of 
this  pi-odigious  idling  ere  long  reached 
the  ear  of  the  father,  who,  never  inter- 
fering except  injudiciously,  dismissed 
the  tutor  who  might  have  saved  his 
pupil ;  and  people  of  the  old  stamp 
continued  in  function  until  the  toga 
quasi-virilis  (of  uudergraduateship)  was 
assumed. 

"  The  very  first  lines  of  Lord  Dud- 
ley's in  the  volume  before  us  reveal  the 
sad  consequences  of  this  system,  al- 
readyjfixed  and  chronic  at  the  early  age 
of  nineteen.  AtBxed  to  the  portrait  is 
this  postscript — '  Tlie  verses  go  on 
miserably  ;  YET  I  neither  drink,  hunt, 
shoot,  nor  fish.'  On  a  smaller  peg  than 
this  Tissot  or  Combe  would  hang  a 
quarto  treatise ;  and  truly  might  Lord 
Dudley  point  the  moral  of  their  tale, 
the  sure  effects  of  the  neglect  of  the 
organic  laws  of  physiology."  .  . 
"  Lord  Dudley  '  writes  because  he  is 
unable  to  sleep.'  Well  would  it  have 
been  had  the  killing  '  yet '  of  the  '  post- 
script' been  corrected  into  because.'"* 

Such  is  the  instructive  and  melan- 
choly case  of  Lord  Dudley,  and  such 
are  manj'  more,  the  details  of  which 
are  never  given  to  the  world.  In 
justice  to  the  reviewer's  sagacity, 
I  am  bound  to  confess  that,  as  I  read 
his  intei'estlng  narrative,  I  had  resolved 
to  "  point  a  moral "  with  it  befoi-e  I 
came  to  the  expression  of  his  own  opi- 
nion that  it  was  truly  fitted  for  the 
pui'pose. 


CHAPTER  XIV. 

AI'PLICATION  OF  THE  PRECEDING 
PllINCIPLES  TO  THE  HEALTH  OF  THE 
BRAIN  AND  NERVOUS  SYSTEM. 

In  the  present  chapter  I  need  not 
enlarge  farther  upon  the  means  of  ful- 
filling the  organic  conditions  of  cere- 
bral and  nervous  health.  These  have 
been  already  sufliciently  explained  ; 
but  a  few  additional  remarks  will  be 
required  concerning  those  conditions 

*  Quarterly  Review,  vol.  Ixvii,,  p.  84-87. 
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which,  having  a  direct  reference  to 
the  manner  in  which  the  mind  is  ex- 
ercised, may  be  correctly  designated 
as  jiieutal  or  functional. 

It  may  be  stated  as  a  general  fact, 
confirmed  by  the  widest  experience, 
that  functional  causes,  or  those  whicli 
operate  by  impairing,  exciting,  or  per- 
verting functional  activity,  are  the 
most  eflScient  of  all  in  inducing  or- 
ganic disease ;  and,  as  a  corollary  from 
this  proposition,  that  the  well-regu- 
lated exercise  of  the  function  is  one 
of  the  best  preservatives  of  organic 
health.    In  the  case  of  the  eye,  for 
example,  the  insufficient  or  excessive 
exercise  of  its  function,  in  straining 
over  minute  objects,  or  in  exposing 
the  eye  to  a  very  bright  light,  rarely 
fails,  if  continued,  to  induce  disease ; 
while  the  regulated  exercise  of  vision 
on  a  variety  of  objects  in  a  suitable 
light,  and  at  fit  intervals,  tends  greatly 
to  strengthen  and  preserve  the  eye. 
In  like  manner,  vitiation  of  the  diges- 
tive function  from  aberrations  in  diet 
is  the  most  direct  cause  of  disease  in 
the  stomach ;  while  its  proper  exer- 
cise in  the  use  of  a  well-regulated 
diet  in  harmony  with  the  constitution 
and  mode  of  life,  is  the  best  safeguard 
of  its  health.    The  same  principle  ap- 
plies to  the  lungs,  the  liver,  and  the 
heart — in  all  of  which,  disease  is  ex- 
cited by  abuse  of  their  respective  func- 
tions, more  readily  perhaps  than  by 
any  other  cause. 

In  this  respect,  as  shewn  in  the  las^ 
chajjter,  the  brain,  considered  as  a 
whole  and  serving  for  the  operation 
of  all  the  powers  of  the  mind,  consti- 
tutes "no  exception  to  the  general  rule; 
and,  accordingly,  its   health  suffers 
most  frequently  from  causes  which 
disturb  its  mode  of  action,  and  is  best 
promoted  or  restored  by  the  proper 
regulation  of  the  mental  functions. 
The  same  rule  applies  of  course  to 
the  individual  parts  of  which  the 
brain  is  composed,  each  considered  as 
the  special  organ  of  an  individual 
mental  faculty.    Here,  consequently, 
the  vast  importance  of  the  question, 
Whether  the  brain  is  a  single  or  com- 
pound organ  ?  becomes  more  and  more 
apparent.    If,  as  I  have  endeavoured 


to  shew  (see  p.  252),  the  brain  is. not 
a  single  organ  serving  equally  for  the 
manifestation  of  the  whole  mind,  but 
an  aggregate  of  many  individual  parts, 
each  serving  for  the  operation  of  a 
special  mental  faculty,  in  the  same 
way  as  the  eye,  the  ear,  and  the  nose, 
serve  for  vision,  hearing,  and  smell- 
ing,— it  follows  that  each  may  be  ex- 
ercised independently,  and  that,  to 
provide  for  the  health  of  the  whole 
brain,  we  must  secure  the  direct  and 
adequate  exercise  of  the  whole  of  its 
component  organs  by  the  correspond- 
ing exercise  of  all  the  moral  and  in- 
tellectual faculties  specially  connected 
with  them.    This  may  seem  a  very 
simple  and  natural  proposition  ;  but 
the  evUs  which  flow  from  its  practical 
neglect  are  nevertheless  very  numer- 
ous.   If,  as  phrenology  proves,  and 
as  most  physiologists  admit,  the  moral 
faculties  have  their  seat  in  one  region 
of  the  brain,  the  intellectual  powers 
in  another,  and  the   aftections  and 
appetites  in  a  third,  it  is  clear  that 
any  one  of  these  gi-oups  of  faculties, 
and  tlieir  corresponding  cerebral  or- 
gans, may  be  exercised  singly  with- 
out the  slightest  beneficial  influence 
thence  necessarily  resulting   to  the 
other   two.     By  the  well-regulated 
employment  of  the  intellectual  facul- 
ties, for  instance,  we  may  impart 
strength  and  readiness  of  action  to  the 
anterior  lobe  of  the  brain,  where  their 
organs  are ;  and  yet,  by  neglecting 
the  due  exercise  of  the  affections  and 
moral  sentiments,  allow  the  middle 
and  posterior  lobes  to  become  enfee- 
bled by  inaction,  and,  as  a  conse- 
quence, these  powers  themselves  to  be 
impaired  in  health  and  vigour.  Phy- 
siologically speaking,  it  would  be  as 
unreasonable  to  expect  the  moral  feel- 
ings to  be  strengthened  by  a  cultiva- 
tion thus  restricted  to  the  intellect 
alone,  as  to  expect  any  improvement 
in  hearing  fi-om  the  exclusive  exer- 
cise of  vision.    For  the  same  reason, 
it  would  be  absurd  to  expect  the  im- 
provement of  all  the  moral  feelings,  or 
of  all  the  intellectual  powers,  from  ex- 
ercise restricted  to  any  one  or  only  a 
few  of  their  number.    x\s  all  of  them 
are  capable  of  independent  action,  it  is 
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clear  that  each  must  be  cultivated  in- 
dividually U'hcn  we  wish  to  promote  its 
development.  The  sense  of  justice  may 
be  roused  into  activity  at  the  same 
time  as  the  feeling  of  compassion  ; 
but  they  may  also  act  separately,  and 
the  activity  of  the  one  is  far  from  ne- 
cessarily implying  that  of  the  other. 
Pity  may  even  be  carried  so  far  as  for 
the  moment  to  weaken  and  impede 
the  operation  of  conscientiousness,  and 
the  reverse.  Hence  it  is  a  mere  de- 
lusion to  imagine  that  we  take  the 
surest  way  to  invigorate  our  moral 
nature,  when  we  simply  make  our- 
selves familiar  intellectually  with  the 
duty  of  being  lionest,  kind,  and  pious. 
We  must  be  trained  to  the  habitual 
j>ractice  of  integrity,  benevolence,  and 
veneration  in  our  daily  life,  and  sec 
them  made  the  daily  standards  of  con- 
duct of  all  around  us,  before  these  sen- 
timents can  acquire  tlie  predominant 
sway  which  the  Creator  manifestly  de- 
signed tlicm  to  exercise. 

I  venture  thus  earnestly  to  insist 
upon  the  necessity  of  keeping  con- 
stantly in  view  the  true  relation  in 
which  each  faculty  of  tlie  mind  stands 
to  its  individual  cerebral  organ,  be- 
cause ignorance  or  neglect  of  it  has 
been  the  source,  not  only  of  much  suf- 
fering and  bad  health,  but  of  most  of 
the  errors  whicli  have  long  impaired 
the  practical  efficiency  of  education 
as  a  means  of  human  improvement. 
Hence,  instead  of  the  moral  faculties 
being  invigorated,  and  the  social  af- 
fections cherished,  by  their  generous 
and  well-regulated  exercise  upon  tlieir 
appropriate  objects,  systematic  culti- 
vation is  still  in  a  great  measure  re- 
stricted to  a  few  of  our  inferior  pro- 
pensities,-— emulation  and  the  love  of 
gain, — and  to  such  of  the  intellectual 
faculties  as  seem  most  likely  to  mini- 
ster to  their  gratification.    The  neces- 
sary result  is,  that  neither  morally  nor 
intellectually  has  education  yielded  the 
rich  fruits  which  might  be  obtained 
from  it  under  a  better  system  of  cul- 
tivation. 

As  regards  health,  also,  the  fre- 
quent consequence  of  this  error  has 
been,  that,  from  limiting  mental  ac- 
tivity to  the  excessive  exercise  of 


only  a  few  faculties,  these  few  have, 
under  the  powerful  stimulus  of  com- 
petition and  personal  ambition,  been 
roused  to  inordinate  action,  and  oc- 
casionally become  diseased ;  while  the 
others,  which  might  have  guided  or 
controlled  them,  have  been  rendered, 
by  inaction,  comparatively  powerless. 
This  is  the  real  explanation  of  Tissot's 
remark  in  a  former  chapter,  that  the 
health  of  the  mind  and  brain  is  most 
apt  to  give  way  where  the  former  is 
intently  occupied  on  a  very  limited 
range  of  objects;  for  what  is  this  but 
saying  in  otlier  words  that  the  health 
of  tlie  mind  gives  way  most  readily 
where  a  few  only  of  its  powers  are  in 
constant  and  excessive  activity  ?  On 
the  same  principle,  the  experienced 
insufficiency  of  mere  intellectual  edu- 
cation to  improve  the  moral  condition 
of  man  is  easily  explained  ;  for  where 
the  intellect  alone  is  exercised  and  the 
moral  powers  are  left  uncultivated, 
what  else  can  be  ratio'nally  expected 
but  that  the  latter  and  their  organs 
should  become  weakened  by  inaction  ? 

In  the  sick-room,  too,  many  evils 
have  arisen  from  overlooking  tlie  inti- 
mate relation  subsisting  between  cere- 
bral and  mental  activity.    In  fevers, 
in  which  nervous  sensibility  is  much 
excited,  and  tranquillity  and  repose 
of  mind  are  almost  indispensable  to 
recovery,  it  is  not  uncommon  to  find 
the  attendants  indulging  in  open  or 
whispered  conversations,  every  word 
of  which  is  calculated  to  stir  up  some 
waking  faculty,  or  give  rise  to  some 
false  impression  upon  the  senses,  wliich 
may  be  painfully  and  hurtfuUy  brood- 
ed over  in  silence  by  the  patient,  till 
the  excitement  of  mind  breaks  forth  in 
irrepressible  delirium,  or  in  wandei'- 
ing  thoughts  having  no  relation  to  the 
scene  or  circumstances  in  which  he  is 
placed.     The  error  is  thoughtlessly 
committed  by  the  friends  or  attend- 
ants, under  the  mistaken  belief  that 
I  so  long  as  no  great  noise  is  made,  and 
the  conversation  is  not  addressed  to 
the  patient  himself,  and  he  is  not  al- 
lowed to  take  any  part  in  it,  no  harm 
can  ensue,  because  he  makes  no  active 
exertion.     But  a  more  correct  ac- 
quaintance with  the  connection  sub- 
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sisting  between  the  mind  and  its  cor- 
poreal organs  would  at  once  reveal  the 
hidden  danger,  and  prevent  even  the 
most  inconsiderate  from  acting  in  a 
way  so  likely  to  defeat  the  best  efforts 
of  the  physician.  From  the  same  mis- 
taken view,  it  is  a  common  practice 
with  many  people  to  admit  visitors  in- 
to the  presence  of  the  sick,  even  where 
tranquillity  has  been  most  strictly  en- 
joined. The  intruders  are  warned, 
perhaps  "  not  to  speak,  but  only  to 
look,"  and  no  suspicion  is  entertained 
that  the  mere  presentment  of  an  ob- 
ject, connected  with  the  patient,  it 
may  be,  by  many  old  associations,  is 
sure  to  excite  to  activity,  not  only  the 
senses  and  powers  of  perception,  but 
many  of  the  strongest  feelings  and 
habitual  trains  of  thought.  I  have 
seen  mischief  done  in  this  way  by 
those  who  would  willingly  have  made 
any  sacrifice  for  the  relief  of  the  suf- 
ferer, and  •who  were  themselves  most 
distressed  on  being  made  aware  how 
much  their  conduct  was  really  opposed 
to  the  fulfilment  of  their  warmest 
wishes. 

From  the  same  disregard  of  the  de- 
pendence of  the  health  of  the  nervous 
system  upon  the  due  exercise  of  all 
the  powers  of  the  mind,  emotional 
and  social  as  well  as  intellectual,  it 
was  long  but  most  erroneously  con- 
sidered sufficient  in  the  treatment  of 
the  insane,  to  place  them  in  secure 
confinement,  without  any  provision 
whatever  being  made  for  their  occu- 
pation or  amusement,  for  the  gratifi- 
cation of  their  affections  and  moral 
feelings,  or  for  strengthening  their 
reason  by  friendly  intercourse.  And 
when,  in  such  unnatural  circumstances 
—  circumstances  often  sufficient  in 
themselves  to  shake  the  healthiest 
minds — recoveries  were  few  and  far 
between,  the  unfortunate  result  was 
ignorantly  ascribed  entirely  to  the 
mysterious  and  intractable  nature  of 
the  disease,  and  no  effort  was  made  to 
amend  it.  At  last,  however,  a  brighter 
day  has  dawned,  and  it  is  beginning  to 
be  generally  understood,  that,  in  in- 
sanity, as  in  other  diseases,  the  laws 
which  pi-eside  over  the  vital  functions 
continue  to  operate,  and  that,  during 


mental  derangement  as  well  as  sanity, 
the  regulated  activity  of  every  bodily 
organ  exercises  a  great  influence  upon 
the  health  of  the  brain.  As  a  conse- 
quence of  this  admission,  efforts  are 
now  made  to  provide  for  the  insane 
the  means  not  only  of  bodily  exercise 
and  occupation  in  the  open  air,  but 
also  of  intellectual,  moral,  and  social 
enjoyment.  Severity  and  neglect  are 
happily  laid  aside  as  inconsistent  with 
this  purpose ;  and  the  unhappy  lunatic, 
formerly  controlled  by  brute  foi'ce, 
now  finds  himself  the  object  of  a 
systematic  kindness,  and  intelligent 
and  active  sympathy,  the  tendency  of 
which  is  to  contribute  powerfully  to- 
wards his  recovery,  by  at  once  sooth- 
ing the  morbid  irritability  of  his 
troubled  spirit,  and  securing  for  him 
all  the  enjoyment  which  he  can  derive 
from  gratified  feelings  and  affections. 

In  some  lunatic  asylums  schools  have 
been  established,  as  atllanwell;  and 
the  experiment,  though  but  of  recent 
date  in  this  instance,  has  been  already 
crowned  with  success.  "  Since  we 
commenced  in  January  1848,"  says 
Mr  Waite,  in  the  Report  for  that  year, 
"  64  male  patients  have  attended  the 
school ;  of  whom 

Years 
of  age. 

5  are  above  10  and  under  20 
19  ...  20  ...  30 
15  ...  30  ...  40 
8  ...  40  ...  50 
7  ...  50  ...  60 
2      ...       60       ...  70 

Of  these  patients  31  arc  epileptic,  at- 
tended with  mania  ;  9  of  the  number 
under  various  stages  of  imbecility ; 
20  are  insane,  subject  to  periods  of 
excitement ;  3  are  congenital  idiots ; 
and  there  were  2  recent  cases  of  mania 
who  have  been  cured,  and  left  the 
asylum."  During  the  same  time,  73 
female  patients  attended  the  school, 
under  the  superintendence  of  Miss 
Waite,  and  were  "  daily  instructed  in 
reading,  writing,  a  variety  of  lessons 
on  the  black  board,  on  natural  history, 
spelling,"  &c.  "  The  period  since  the 
school  commenced,"  says  Miss  Waite 
"  has  been  too  recent  to  enable  me  to 
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offer  to  your  notice  many  remarkable 
cases  of  improvement ;  but  I  have  seen 
these  heavily  afflicted  women  assemble 
in  tlie  school-room  with  clieerfulness 
and  ready  obedience,  proceed  to  ar- 
range themselves  in  their  accustomed 
places,  and  apply  themselves  with 
wonderful  perseverance  and  diligence 
to  tlicir  several  employments  ;  and 
during  the  whole  time  they  are  pre- 
sent the  utmost  order  and  decorum 
prevail,  whilst  the  silence,  unless  they 
are  called  on  to  speak,  is  profound. 
And  during  the  twelve  months  the 
school  has  been  established,  I  can  only 
remember  one  instance  where  it  was 
necessary  to  request  the  attendant  to 
remove  a  patient  for  violent  conduct. 
On  the  whole,  my  teaching  has  been 
received  by  the  patients  with  such  ap- 
parent pleasure  and  gratitude,  that  it 
has  truly  lessened  whatever  labour 
may  attend  it,  and  given  me,  with 
your  sanction,  every  encouragement 
to  go  on  rejoicing."* 

In  asylums,  the  object  of  teaching  is 
not  merely  to  instruct  the  patients  in 
reading  and  writing,  &c.,  but  chiefly 
to  awaken  the  intellectual  and  moral 
faculties  ;  and  it  is  wonderful  to  see 
the  results  which  may  thus  be  pro- 
duced in  the  mental  condition  of  even 
the  imbecile  and  idiotic.  "  Idiot 
schools"  have  been  formed  in  the  hos- 
pital of  Bicetre  at  Paris,  and  there 
are  similar  institutions  at  Ilighgate, 
Colchester,  and  Bath,  where  idiotic 
children  are  received  and  educated.! 
In  Switzerland,  Dr  Guggenbiihl's 
training  "establishment  for  idiots,  near 
Interlachen,  has  acquired  a  high  repu- 

*  Psychological  Journal,  vol.  ii.,  p.  427. 

t  The  Highgate  and  Colchester  Asylums 
are  under  the  patronage  of  the  Queen,  and, 
like  the  others  above  referred  to,  are  de- 
signed, "  not  merely  to  t:ike  care  of  the 
idiot,  but  especially,  by  the  skilful  and 
earnest  application  of  the  best  means  in  his 
education,  to  prepare  him,  as  far  as  possible, 
for  the  duties  and  enjoyments  of  life."  Such 
institutions  desei-ve  and  solicit  the  Uberal 
support  of  the  wealthy;  and  any  information 
respecting  those  at  Higligatc  and  Col- 
chester may  be  obtained  from  the  Rev, 
Drs  Holloway  and  Reed,  the  honorary  secre- 
taries of  the  Charity,  at  29  Toultry,  London, 


tation  over  Europe.*  Too  much  ho- 
nour cannot  be  awarded  to  those  who 
devote  their  lives  to  the  moral  and 
intellectual  elevation  of  these  help- 
less beings ! 

Where  the  patients  belong  to  the 
educated  classes,  much  benefit  may  be 
derived  from  instruction  in  natural 
history,  and  from  lectures  on  litera- 
ture, chemistry,  or  natural  philosophy. 
The  disordered  mind  gradually  ac- 
quires a  new  bias  ;  the  overwrought 
faculties  are  relieved  and  rested,  and  the 
others  are  gently  stimulated  to  action. 
But  instruction  must  be  blended  with 
amusement ;  and  hence  tlie  utility  of 
music  and  even  dancing,  of  occasional 
visits  to  the  theatre,  and  of  country  ex- 
cursions. These  are  resorted  to  with 
excellent  effect  in  some  of  our  chief 
public  asylums.  In  short,  there  is  no 
reason  why  an  insane  patient  should  be 
treated  on  different  princijiles  from  one 
labouring  under  any  other  malady.  The 
mind,  it  is  true,  is  deranged,  but  it  is 
so  only  through  disease  of  the  organs 
by  means  of  whicli  it  acts.  When  there 
is  inflammation  or  over-excitement  of 
an  organ,  we  soothe  it  and  give  it  rest ; 
when  it  is  weak  and  deficient  in  vi- 
tality, we  endeavour,  by  the  judicious 
use  of  tonics  and  exercise,  to  impi'ove 
its  nutrition,  and  thus  to  raise  its 
jjowei-s.  The  treatment  of  the  insane 
ought  to  be  conducted  on  precisely  the 
same  principles ;  and  mere  seclusion  in 
an  asylum  can  no  more  be  accounted 
proper  treatment  for  disorders  of  the 
mind,  than  imprisonment  in  the  wards 
of  an  liospital  can  be  accounted  such 
for  diseases  of  the  body. 

Keeping  in  view,  then,  the  indepen- 
dent action  of  the  different  faculties, 
and  the  relation  of  each  to  its  own 
cerebral  organ,  the  first  of  the  func- 
tional conditions  of  the  health  of  the 
brain  and  nervous  system,  to  which  it 

*  Sec  Dr  Forbes's  "Physician's  Holi- 
day," chap.  xix. ;  and  "Some  Account  of 
Cretinism,  and  the  Institution  for  its  Cure 
on  tlie  Abendberg,  near  Interlachen,  by 
W.  Twining,  M.D.  London,  1843.  There 
is  a  notice  of  Dr  Twiniug's  work  in  the 
British  and  Foreign  Medical  Review,  vol. 
xvii.,  p.  514. 
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concerns  lis  to  direct  our  attention,  is 
that  which  points  to  the  direct  exercise 
of  every  faculty  and  its  cerebral  orf/an 
as  indispensable  to  its  free  develop- 
ment and  vigorous  action.  But  as 
this  principle  is  of  the  highest  practi- 
cal importance,  and  is  habitually  lost 
sight  of  in  moral  education  and  in 
social  life,  I  cannot  refrain  from  en- 
larging somewhat  further  upon  it,  even 
at  the  risk  of  being  tedious. 

The  principle  on  which  I  insist  is 
indeed  so  much  in  accordance  with 
the  dictates  of  common  sense,  that  it 
has  long  been  acted  upon  in  some  de- 
partments of  education,  not  so  much 
from  its  importance  being  recognised, 
as  from  an  almost  instinctive  percep- 
tion of  its  propriety.  When  we  wish, 
for  example,  to  train  the  muscles  to 
the  graceful  and  rapid  evolutions  of 
fencing,  we  do  not  content  ourselves 
with  merely  giving  directions;  but  our 
chief  attention  is  employed  in  making 
the  muscles  themselves  go  through  the 
evolutions,  till,  by  frequent  repetition 
and  correction,  they  acquire  the  re- 
quisite quickness  and  precision  of  ac- 
tion. In  like  manner,  when  we  wish 
to  teach  music,  we  do  not  merely  ad- 
dress the  understanding  and  explain 
the  qualities  of  sounds,  but  we  train 
the  car  to  their  attentive  discrimina- 
tion, and  the  hand  to  the  reproduction 
of  the  motions  which  call  them  into 
existence.  We  follow  this  plan,  be- 
cause the  laws  of  the  organism  require 
direct  practice,  and  we  feel  instinc- 
tively that  we  can  succeed  only  by 
obeying  them.  Now,  the  purelymental 
faculties,  being  connected  during  life 
with  material  organs,  are  subjected  to 
precisely  the  same  laws:  consequent- 
ly, if  we  wish  to  improve  the  reason- 
ing powers,  we  must  exercise  them 
regularly  in  tracing  the  causes  and 
relations  of  things — and,  on  the  same 
principle,  if  our  aim  be  to  develope 
the  sentiments  of  Attachment,  Bene- 
volence, Justice,  or  Respect,  we  must 
exercise  each  of  them  directly  and  for 
its  own  sake,  and  not  content  our- 
selves with  teaching  precepts,  which 
address  themselves  to  the  understand- 
ing alone  ;  and  which,  therefore,  may 
be  learned  with  the  greatest  accuracy, 


without  necessarily  imparting  even 
the  smallest  increase  of  vigour  to  any 
one  of  tlie  emotions  just  named. 

Such  being  the  constitution  which 
God  has  given  us,  it  should  never  be 
forgotten,  that  in  education  it  is  the 
brain,  or  organ  of  mind,  and  not  the 
abstract  immaterial  principle,  which 
requires  cultivation;  and  that  hence 
education  operates  invariably  in  sub- 
jection to  the  laivs  of  the  organism.  In 
improving  the  essternal  senses,  we  ad- 
mit this  principle  readily  enough ; 
but  whenever  we  come  to  the  internal 
faculties  of  thought  and  feeling,  it 
is  cither  denied  or  neglected.  With 
gross  inconsistency,  we  admit  that  the 
superior  quickness  of  touch,  sight,  and 
hearing,  consequent  upon  judicious 
exercise,  is  always  referrible  to  in- 
creased facility  of  action  in  their  ap- 
propriate organs ;  but  when  we  ex- 
plain, on  the  same  principle,  the  su- 
perior development  of  the  reasoning 
powers,  or  the  greater  warmth  of  feel- 
ing, produced  by  similar  exercise,  in 
the  social  or  moral  feelings  and  other 
internal  faculties,  few  are  inclined  to 
listen  to  ourjproposition,  or  allow  to 
it  half  the  weight  or  attention  which 
its  importance  requires, although  evci'y 
fact  in  philosophy  and  experience  con- 
curs in  supporting  it.  AVe  observe 
the  mental  powers  of  feeling  and  of 
thought  unfolil  themselves  in  infancy 
and  youth,  in  exact  accordance  with 
the  progress  of  the  organism  ;  we  see 
them  perverted  or  suspended  by  the 
sudden  inroad  of  disease,  and  as  sud- 
denly restored ;  nay,  we  sometimes 
observe  every  previous  acquirement 
obliterated  from  the  adult  mind  by 
fever  or  by  accident,  leaving  educa- 
tion to  be  commenced  anew,  as  if  it 
had  never  been  ;  and  yet  with  all  these 
evidences  of  the  organic  influence  be- 
fore us,  it  is  still  a  novelty  in  educa- 
tion to  propose  that  the  established 
laws  of  physiology,  as  applied  to  the 
brain,  should  be  considered  as  the 
best  and  surest  guide ;  and  till  lately, 
scarcely  a  volume  could  be  pointed  out 
in  which  it  is  even  hinted  that  these 
laws  have  the  slishtcst  influence  over 
mental  or  moral  improvement. 

In  modern  education  too  much  is 
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done  by  means  of  books,  and  too  little 
by  trusting  to  the  natural  powers  of 
the  mind.  When  books  were  difficult 
of  access,  and  knowledge  was  taught 
and  transmitted  orally,  a  higher 
effort  of  attention  was  excited,  the 
mind  worked  more  vigorously,  and 
retained  better  and  in  a  more  distinct 
form  what  it  had  acquired.  With 
books  ever  ready  at  command  for  re- 
ference, the  attention  is  not  so  alive, 
and  there  is  less  earnest  eagerness  to 
seize  and  retain  what  is  offered  to  the 
memory.  The  mental  faculties  do  not 
work  so  vigorously,  because  no  one 
has  the  same  stimulus  to  effort.  If 
any  thing  slip  from  the  memory,  it 
can  still  be  found  in  the  book.  In 
schools  this  is  an  evil,  and  great  ad- 
vantage might  be  derived  from  exer- 
cising the  mind  more  directly  on  its 
immediate  objects,  and  less  through 
the  medium  of  books.  Actual  and 
correct  ideas  would  be  thus  more  cer- 
tainly acquired.  This  plan  is  success- 
fully followed  to  a  considerable  extent 
in  Stow's  Normal  Training  School  in 
Glasgow  and  Williams'  Secular  School 
in  Edinburgh,  and  is  beginning  to  be 
acted  upon  in  some  other  seminaries, 
but  as  yet  not  nearly  so  much  as  it 
ought  to  be. 

The  extraordinary  mental  acquire- 
ments of  the  blind  who  cannot  read, 
afford  a  striking  proof  of  the  extent 
to  which  intellectual  cultivation  and 
vigour  of  mind  may  be  carried  by  the 
natural  exercise  of  the  faculties  with- 
out reading.  Many  examples  may  be 
found  of  the  blind  arriving  at  dis- 
tinction by  their  attainments  in  lite- 
rature, poetry,  science,  and  the  pi'ac- 
tical  arts,  and  displaying  in  the  appli- 
cation of  their  knowledge  a  reach  and 
energy  of  mind  which  no  difficulties 
could  daunt.  I  need  only  refer  to 
Milton,  Saunderson  the  mathematician, 
Blacklock,  Metcalf  the  road-surveyor 
and  engineer,  and  Holman  the  blind 
traveller ;  to  whose  names  those  of 
many  others  might  be  added.  James 
Wilson,  author  of  the  Biography  of  the 
Blind,  was  himself  a  remarkable  ex- 
ample of  the  invigorating  power  of 
mental  exercise  under  an  adequate 
stimulus.    He  lost  his  sight  at  seven 


years  of  age,  and  was  subjected  to 
great  disadvantages  from  poverty  and 
want  of  the  means  of  education. 
Having  naturally,  however,  no  small 
share  of  talent,  and  a  strong  thirst  for 
knowledge,  he  ultimately  succeeded 
in  greatly  improving  his  mind,  and 
raising  himself  to  a  higher  station. 
In  allusion  to  the  effects  of  the  men- 
tal discij^line  rendered  necessary  by 
the  loss  of  sight,  he  says :  "  Memory 
has  often  been  compared  to  a  well- 
constructed  arch,  on  which  the  more 
weight  is  laid  the  stronger  it  becomes. 
This  I  found  to  be  the  case  with 
mine,  for  the  more  T  committed  to  it, 
the  more  I  found  it  capable  of  receiv- 
ing and  retaining."  And  again  :  "  I 
was  now  able  to  appreciate  the  plea- 
sures of  memory  in  a  superior  degree, 
for  I  knew  the  names,  stations,  and 
admirals,  of  almost  all  the  ships  in 
the  navy,  and  was  also  acquainted 
with  the  number,  facing,  and  name  of 
every  regiment  in  the  army,  accord- 
ing to  the  respective  towns,  cities,  or 
shires,  from  which  they  were  raised ; 
and  thus  served  as  an  army  and  navy 
list  for  the  poor  of  the  neighbour- 
hood." (P.  xxxii.)  "  At  a  later  pe- 
riod of  life,"  he  says,  "  to  a  few 
select  friends  who  wished  to  prove  ray 
knowledge  of  English  history,  I  re- 
peated, to  their  entire  satisfaction,  an 
epitome  of  the  history  of  England, 
from  the  Norman  Conquest  till  the 
peace  in  1783,  including  invasions, 
conspiracies,  insurrections,  and  revo- 
lutions ;  the  names  of  all  the  kings 
and  queens,  the  year  of  their  acces- 
sion, the  length  of  their  reigns,  and 
the  affinity  each  had  to  his  predecessor, 
together  with  the  names  and  cliarac- 
ters  of  all  the  great  statesmen,  heroes, 
philosophers,  and  poets  who  flourished 
in  the  different  reigns.  In  conse- 
quence of  this  and  similar  rehearsals, 
I  was  termed  a  '  Walking  Encyclo- 
pedia;' to  othei's  my  knowledge  in 
such  circumstances  appeared  a  pro- 
digy, but  to  myself  it  proved  a  source 
of  consolation,  and  beguiled  many  a 
weary  hour,"  (P.  Iv.)  The  extraor- 
dinary facility  with  which  actoi-s 
store  up  their  parts  is  another  exam- 
ple of  the  invigorating  influence  of 
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healthy  active  exertion  of  mind.  It 
strengthens,  while  indolent  inatten- 
tive exertion  only  weakens. 

The  great  error  of  the  present  mode 
of  education  consists  in  its  not  discri- 
minating hetween  the  different  powers 
of  different  individuals.    "  There  arc 
as  many  streams  of  knowledge,"  hap- 
pily observes  a  recent  writei",  "  as 
there  are  mental  faculties  ;"  and  these 
faculties  vary  in  strength  and  quick- 
ness. Hence,  the  cultivation  necessary 
for  their  due  exercise  in  one  indivi- 
dual will  he  too  much  in  another ;  and 
thus,  while  in  one  case  they  acquire 
increased  development  from  duly  pro- 
portioned exercise,  in  another  they 
are   worn    out    and  overwhelmed. 
Herein  lies  the  folly  of  educating  all 
alike.    "  Can  anything  be  conceived 
more  irksome  to  a  boy  of  slow  appre- 
hension," asksDr  Bush,*  •' than  the  very 
first  lesson  he  is  taught  at  school — the 
definition  of  the  parts  of  speech — the 
dry  grammatical  construction  of  lan- 
guage ?    Can  anything  be  conceived 
more  €.vafpcratin<j,  if,  in  addition  to 
his  natural  dulness,  he  possess  a  highly 
nervous  susceptibility,  and  perhaps 
some  vivacious  sentiments,  than  the 
repetition  of  a  task  he  can  neither 
understand,  nor  perhaps  has  even  ver- 
bal memory  enough  to  repeat  to  the 
satisfaction  of  his  teacher  ?    Can  pun- 
ishment elicit  from  one  of  such  a  con- 
formation an  amount  of  intelligence 
which  he  really  does  not  possess  ?  And 
yet  it  is  expected,  because  it  happens 
to  be  the  custom  of  the  school,  and  in 
the  usual  order  of  teachers.    In  all 
such  cases,  there  can  be  no  doubt  in 
the  mind  of  any  impartial  person, 
where  the  error  lies — it  is  in  the  sys- 
tem, and  not  in  the  pupil ;  it  is  in  the 
scholastic  pride,  which  being  ignorant 
of,  or  disregarding,  the  laws  of  nature, 
would  supersede  them  by  its  own  arti- 
ficial rules— it  is  in  the  folly,  or  some- 
thingworse  than  folly,  of  sacrificing  the 
moral  interests  of  the  individual  to  a 
vain  attempt  at  forcing  him  to  an  in- 
tellectual position  which  nature  has 
denied  him.  ...  It  is  by  dividing  the 
burden  equally  among  the  faculties, 

o  Psychological  Journal,  No.  vii.,  p.  417- 
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imposing  upon  none  more  than  it  can 
safely  and  agreeably  bear,  and  by 
keeping  some  even  in  a  state  of  re- 
pose, that  so  much  may  be  accom- 
plished in  educating  the  weak-minded, 
and  bringing  them  gradually  to  the 
possession  of  that  kind  of  knowledge 
which,  though  it  may  not  make  them 
eminent  in  literature,  will  at  least 
make  them  competent  for  the  useful 
and  respectable  business  of  life." 

In  some  respects  the  adult  labourer 
may  be  compared  with  the  dull  school- 
boy.   His  mental  faculties  are  obtuse 
from  want  of  exercise.   A  liewer  of 
wood  and  drawer  of  water,  his  bones 
and  muscles  are  strained  by  constant 
work,  while  his  exhausted  enei'gies 
crave  the  excitement  of  brutal  spoi'ts 
and  recreations,  and  too  often  demand 
imperiously  the  stimulus  of  alcoholic 
drinks.    On  the  weekly  day  of  rest  it 
is  in  vain  to  solicit  his  attention  to 
abstract  theological  discourses,  or  en- 
deavour to  excite  in  him  that  devo- 
tional fervour,  which  only  those  in 
whom  the  nervous  system  is  naturally, 
or  from  training,  susceptible  of  ready 
excitement  are  apt  to  experience.  "  For 
the  profitable  devotion  of  one  entire 
day  to  moral  and  intellectual  pursuits, 
there  must  have  been  previous  train- 
ing for  them.    Where  there  has  been 
no   previous  training,  where  large 
masses  of  the  population  have  been 
suffered  to  grow  up  in  ignorance  of 
the  first-elemcnts  of  human  knowledge, 
the  power  of  continuous  thought  is 
wanting ;  animal  instincts  predomi- 
nate, and  animal  gratifications  can 
alone  supply  the  void  made  by  the 
cessation  of  mechanical  employment. 
With  such  classes  there  can  be  no 
medium  between  the  out-of-door  pas- 
times, which  we  have  rendered  illegal, 
and  the  drinking  and  gambling  of  the 
whisky-shops  of  Scotland,  and  the 
beer-shops  and  public-houses  of  Eng- 
land.   Those  who  would  legislate  for 
man,  other  than  he  is,  must  answer 
for  the  consequences  to  his  Jfaker."* 
Let  us  then  hope  that  the  day  is  not 
far  distant  when  all  our  religious  in- 
structors will  make  the  discover}-,  al- 
ready reached  by  most  thinking  and 
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well-informefl  men,  that  the  reputed 
moral  superiority  of  the  inhabitants  of 
Britain  over  their  Continental  neigh- 
bours is  but  the  figment  of  national 
self-conceit, — unless,  indeed,  in-door 
drunkenness  and  dissipation  be  more 
commendable  than  reci-eation  in  public 
parks,  or  the  wholesome  pleasures  de- 
rivable from  elegant  literature,  works 
of  art,  music,  and  social  meetings.  Some 
of  the  Continental  nations,  and  the 
United  States  of  America,  by  the  supe- 
rior education  afforded  to  the  people,  are 
fast  outrunning  us  in  the  race  of  true 
civilization ;  and  unless  a  well-organ- 
ised plan  of  national  education  be 
speedily  introduced  into  England,  the 
consequences  to  the  wellbeing  of  the 
kingdom  cannot  fail  to  be  disastrous. 

'VYere  a  general  acquaintance  with 
the  laws  of  the  organism  to  be  held  as 
an  indispensable  part  of  a  libei-al  edu- 
cation, we  should  then  be  able  to  in- 
culcate, with  tenfold  force  and  success, 
the  necessity  of  actively  exercising 
every  faculty,  whether  of  thought, 
feeling,  or  motion,  directly  on  ■its  own 
objects,  and  at  once  to  explode  the  mis- 
take of  supposing  that  any  organ  or 
function  may  be  efficiently  exercised 
tlirough  the  medium  of  another,  and 
that,  to  produce  high  moral  feeling,  it 
is  sufficient  to  address  ourselves  to  the 
intellect  alone.  The  merest  savage, 
following  the  footsteps  of  Nature, 
would  pity  the  philosopher  who  should 
seriously  assure  him  that,  to  cultivate 
acuteness  of  hearing  or  of  vision,  it 
was  sufficient  to  be  told  how  to  listen 
or  to  look.  The  savage  goes  more 
directly  and  surely  to  work.  If  he 
wants  physical  strength,  agility,  and 
swiftness  of  foot,  he  sets  himself  to  de- 
velope  the  muscular  system  of  his  child 
by  ample  muscular  exercise,  by  con- 
stant repetition  of  the  movements  and 
acts  he  wishes  him  to  perform,  and  by 
causing  him  to  run,  to  leap,  or  to  swim ; 
and  he  rests  in  the  well-founded  hope 
of  accomplishing  his  purpose.  Follow- 
ing the  same  rule  when  he  seeks  acute- 
ness of  hearing,  he  does  not  merely 
tell  his  child  how  to  listen,  but  he  lays 
him  with  his  ear  to  the  ground,  and 
teaches  him,  hy  practice,  to  distinguish 


the  qualities  of  sounds.  If  he  wishes 
him  to  excel  in  hunting,  in  fishing,  in 
lying  in  ambush,  or  in  scenting  the 
approach  of  an  enemy,  he  expects  to 
be  successful  only  in  proportion  as 
he  finds  occasion  to  employ  him  in 
the  practice  of  these  pursuits.  If  he 
wishes  to  inculcate  courage  in  battle, 
contempt  of  pain,  endurance  of  fatigue, 
obedience  to  chiefs,  or  revenge  upon 
enemies,  he  does  not  satisfy  himself 
with  mere  precept,  but  resorts  at  once 
to  practice,  and  by  subjecting  his  child 
to  hardship  and  privations,  exposing 
him  to  danger,  and  exacting  from  him 
unhesitating  Submission  to  authority, 
he  succeeds  in  eliciting  all  the  quali- 
ties essential  for  the  circumstances 
under  which  he  lives,  and  without  the 
l^ossession  of  which  he  would  neither 
be  safe  from  his  enemies  nor  respected 
by  his  friends. 

With  this  experience  before  our 
eyes,  then,  let  us,  who  pretend  to  su- 
perior wisdom  and  civilization,  shew 
ourselves  also  consistent,  and  ready 
to  receive  instruction  from  whatever 
quarter  it  may  come.  As  God  has 
given  us  bones,  muscles,  blood-vessels, 
and  nerves,  for  the  purpose  of  being 
used,  let  us  not  despise  the  gift,  but 
consent  at  once  to  turn  them  to  ac- 
count, and  to  reap  health  and  vigour 
as  the  reward  which  He  has  associated 
with  moderate  labour.  As  He  has 
given  us  lungs  to  breathe  with,  and 
blood  to  circulate,  let  us  abandon  the 
folly  of  shutting  ourselves  up  with  so 
little  intermission,  engaged  in  motion- 
less study  and  other  sedentary  occupa- 
tions,— and  consent  to  inhale  copiously 
and  freely  that  wholesome  atmosphere 
which  His  benevolence  has  spread 
around  us.  As  He  has  given  us  ap- 
petites and  organs  of  digestion,  let  us 
profit  by  Ilis  bounty,  and  earn  their 
enjoj'ment  by  healthful  exercise.  As 
lie  has  given  us  a  moral  and  a  social 
nature,  which  is  invigorated  by  ac- 
tivity and  impaired  by  solitude  and 
restraint,  let  us  cultivate  good  feeling, 
and  act  towards  each  other  on  prin- 
ciples of  kindness,  justice,  forbearance, 
and  mutual  assistance  ;  and  as  He  has 
given  us  intellect,  let  us  exercise  it  in 
seeking  knowledge  of  His  works  and 
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of  His  laws,  and  in  tracing  out  the  re- 
lation in  which  we  stand  towards  Him, 
towards  our  fellow-raon,  and  towards 
the  various  objects  of  the  external 
world  :  and,  in  pel^fect  faith  and  sin- 
cerity, let  us  rely  upon  His  promise, 
that,  in  so  doing,  we  shall  have  a  rich 
reward — a  reward  a  thousand  times 
more  pure,  more  permanent,  and  more 
delightful,  than  we  can  ever  hope  to 
experience  in  following  our  own  blind 
devices,  regardless  of  His  will  and  in- 
tentions towards  us.* 

So  little,  however,  are  even  edu- 
cated men  familiar  with  the  influence 
and  laws  of  the  organism,  that  even  in 
many  of  our  best-directed  establish- 
ments, as  well  as  in  private  families, 
cultivation  is  still  in  a  great  measure 
confined  to  the  intellect  alone ;  and  the 
direct  exorcise  and  training  of  the 
moral  and  religious  sentiments  and 
aft'ections  are  rarely  thought  of  as 
essential  to  their  full  and  vigorous  de- 
velopment. Moral  precepts  are,  no 
doubt,  offered  in  abundance;  but  these, 
as  we  have  seen,  address  themselves 
chiefly  to  the  intellect.  "We  must  not 
be  satisfied  with  merely  exclaiming, 
"Be  kind,  just,  and  affectionate,"  when 
perhaps  at  the  very  moment  we  are 
counteracting  the  effect  of  the  advice 
by  our  own  opposite  conduct.  '•'  She 
told  me  not  to  lie,"  said  Guy  Rivers,  in 
speaking  of  his  mother,  "  and  she  set 
me  the  example  herself  bi/  frequently  de- 
ceiving mil  father  and  teaching  me  to 
disobey  and  deceive  him.^'   Conduct  like 

•  Those  of  my  readers  who  wish  to  pur- 
sue the  inquiry,  and  to  trace  the  relations 
in  which  Man  stands  to  his  Creator,  to  his 
fellow-crcaturcs,  and  to  the  external  world, 
will  find  a  clear  and  comprehensive  guide 
in  a  small  volume,  entitled  "  The  Constitu- 
tion of  Man  considered  in  Relation  to  Ex- 
ternal Objects,  by  George  Combe."  In  this 
work,  of  which  upwards  of  90,000  copies 
have  been  disseminated  within  the  last 
twenty  years,  a  general  view  is  taken  of  the 
human  constitution,  and  of  the  laws  which 
regulate  the  organic,  moral,  and  intellec- 
tual nature  of  man.  The  sources  of  most 
of  the  evils  which  afilict  the  huniau  family 
are  successfully  traced  to  disregard  of  those 
laws,  and  shown  to  be,  to  a  great  extent, 
within  our  own  control  ;  so  that  practical 
usefulness,  and  not  mere  speculation,  is  (he 
chnractcristio  of  the  volume. 


this  is  more  common  in  real  life  than 
is  supposed,  although  generally  less 
flagrant  in  degree.  Parents,  indeed, 
too  often  forget  that  the  sentiments 
feel  and  do  not  reason,  and  that,  con- 
sequently, even  a  stupid  child  may,  by 
the  instinctive  operation  of  its  moral 
nature,  at  once  detect  and  revolt  at 
the  immorality  of  pi-actices,  the  true 
character  of  which  its  reason  is  unable 
to  penetrate  or  expose.  It  is  one  of 
the  most  effectual  methods  of  culti- 
vating and  exciting  the  moral  senti- 
ments in  children,  to  set  before  them 
the  manifestations  of  these  in  our  ha- 
bitual conduct ;  and  we  should  be  most 
careful  never  to  practise  before  them 
that  which  we  do  not  wish  them  to 
imitate.  If  we  first  chide  a  child  for 
seeking  to  indulge  its  sense  of  taste, 
and  attempt  to  impress  it  with  the  im- 
propriety of  cultivating  the  animal 
appetites  by  devouring  sweetmeats  and 
delicacies, — but,  on  sitting  down  to 
dinner  the  next  moment,  begin  to  ex- 
patiate with  delight  on  the  excellence, 
richness,  and  flavour  of  the  dishes  of 
which  ive  are  partaking,  what  can  the 
child  be  expected  to  think  or  to  do  ? 
Seeing  practice  and  precept  thus  set 
in  opposition,  what  weight  can  it  pos- 
sibly attach  to  the  mere  verbal  injunc- 
tion ?  Again,  what  improving  influ- 
ence can  that  parent  exert  over  the 
moral  conduct  of  his  child,  who,  ver- 
bally recommending  kindness,  open- 
ness, and  justice,  tricks  the  child  into 
confession  of  faults,  and  then  basely 
punishes  it,  having  previously  pro- 
mised forgiveness  ?  And  how  is  open- 
ness best  encouraged — by  practising 
it  in  conduct,  or  by  neglecting  it  in 
practice  but  praising  it  in  words  ?  Is 
it  to  be  cultivated  by  thrusting  suspi- 
cions in  the  face  of  honest  intentions? 
Or  what  kind  of  moral  education  is 
that  which  says,  Do  as  I  bid  you,  and 
I  tvill  (jive  you  sweetmeats  or  moiiey,  or 
Z  will  tell  your  mama  how  good  you 
were  ;  holding  out  gratifications  to  the 
lowest  and  most  selfish  propensities  as 
the  motives  to  moral  conduct !  Did 
space  permit  I  might  pursue  the  whole 
round  of  moral  and  religious  duties, 
and  ask  similar  questions  in  regard  to 
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each.  But  it  is  needless.  These  ex- 
amples will  suffice  ;  and  I  give  them 
not  as  generally  applicable,  but  simjdj' 
as  individual  instances  which  have 
come  within  the  sphere  of  my  own 
knowledge,  and  which  bear  directly 
upon  the  principle  under  discussion. 

In  the  practical  training  of  the 
young,  it  is  of  consequence  to  keep  in 
mind  that  the  moral  sentiments,  in 
common  with  the  intellect,  are  de- 
pendent on  the  organism  for  their 
means  of  activity  during  life,  and  con- 
sequently are  more  successfully  culti- 
vated by  being  habitually  employed 
in  regulating  the  every-day  affairs  of 
life,  than  by  waiting  for  great  occa- 
sions on  which  they  may  be  exercised 
with  unusual  vigour.  Benevolence,  no 
doubt,  is  vividly  excited  by  the  aspect 
of  great  misery  and  destitution,  and 
imjjels  strongly  to  the  relief  of  the 
suffering  object ;  but  this  is  not  its 
most  common  or  its  most  useful  field. 
In  ordinary  life,  it  finds  amj)le  scope 
in  charity  to  our  neighbours,  and  in 
contributing  to  the  happiness  of  our 
family  circle,  and  of  our  associates 
and  dependents.  Benevolence  is  much 
better  occupied  in  adding  a  gleam  of 
enjoyment,  in  removing  little  sources 
of  irritation,  in  promoting  concord 
among  relatives,  and  in  other  kind 
offices  of  a  similar  nature,  than  in 
giving  alms  indiscriminately  to  all  who 
demand  them,  or  even  in  relieving  oc- 
casional distress,  where  this  is  held,  as 
it  too  often  is,  to  dispense  with  all 
obligation  to  habitual  forbearance  and 
Christian  good-will  in  the  private  re- 
lations of  life.  But  how  little  is  this 
most  important  faculty  directly  at- 
tended to  or  cultivated,  in  the  way  we 
see  done  with  the  faculties  necessary 
for  the  practice  of  drawing  or  music, 
which,  by  incessant  exercise,  procured 
at  a  great  sacrifice  of  time,  money,  and 
labour,  are  brought  into  such  a  state 
of  activity  as  ever  after  to  enable  their 
possessors  to  derive  delight  from  their 
exercise,  where  the  talents  are  pos- 
sessed in  any  considerable  degree  ! 
And  what  might  we  not  expect  from 
the  systematic  training  of  the  higher 
sentiments  on  a  similar  plan,  in  im- 
proving society  and  exalting  the  hap- 


piness of  the  race  !  But  it  is  evident 
that  the  objects  of  benevolence  are  our 
fellow-creatures  ;  and  consequently,  if  j 
we  restrict  our  intercourse  and  our 
sympathies  to  the  limits  of  our  own 
drawing-rooms,  and  take  no  interest 
in  the  progress  of  the  race  or  of  the 
individuals  composing  it,  we  leave  our 
best  faculties  in  abeyance,  and  reap 
the  reward  of  bodily  debility,  weari- 
ness, and  monotony  of  mind. 

Conscientiousness  is  another  moral 
faculty  that  requires  direct  cultiva- 
tion, and  that  rarely  receives  it.  It 
holds  the  balance  between  man  and 
man,  and  is  excited  by  the  present- 
ment of  any  diff'erence  of  right  be- 
tw^een  individuals,  of  any  injustice,  or 
of  any  temptation  off'ered  by  the  other  ' 
faculties,  which  may  lead  us  to  en- 
croach on  the  rights  of  other  men.  It 
gives  a  strong  sense  of  duty,  in  con- 
formity with  which  it  is  agreeable 
to  act,  but  which  it  is  painful  and 
injurious  to  oppose.  It  gives  weight  i 
and  force  to  the  impulses  of  the  other  j 
sentiments,  and,  joined  with  enlight-  ! 
ened  intellect  and  the  feeling  of  devo- 
tion, gives  that  faith  in  the  benefi- 
cence and  equity  of  the  Deity,  and  in 
the  unchangingness  of  His  laws,  which 
forms  the  strongest  encouragement  to 
virtuous  conduct  and  temporary  self- 
denial.  But  seclusion  and  privacy  af- 
ford no  scope  for  such  an  exercise  of 
conscientiousness ;  and  here  we  find  an 
additional  pi-oof  that  Providence  in- 
tended every  one  to  live  in  society, 
engage  in  the  active  duties  of  life,  and 
act  justly  amidst  the  conflicting  inter- 
ests of  others ! 

I  need  not  pursue  this  exposition  j 
in  detail.    The  preceding  illustrations  ' 
will  suffice  to  explain  the  principle ; 
and  to  exceed  this  limit  would  with- 
draw attention  too  much  from  the 
matters  more  directly  before  us. 

For  the  same  reason,  that  every 
faculty  ought  to  be  exercised  directly 
upon  its  own  objects,  the  exclusive  use 
of  book-education  as  a  means  of  con- 
veying instruction  is  manifestly  un- 
natural as  well  as  inefficient.  If  al- 
lowed to  handle  and  examine  a  new- 
object,  a  child  will  pursue  the  investi- 
gation with  pleasure,  and  in  five  mi- 
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nutes  will  acquire  a  more  correct 
knowledge  than  by  a  whole  week's 
reading  about  its  qualities  without 
seeing  it.  In  the  one  instance,  his  per- 
ceptive powers  are  stimulated  by  the 
actual  presence  of  the  qualities  of 
which  they  are  destined  to  take  cog- 
nizance ;  while,  in  the  other,  they  are 
roused  only  through  the  imperfect 
medium  of  artificial  language,  and  the 
child  has  to  create  the  object  in  his  own 
mind  before  he  can  take  notice  of  its 
qualities.  When  we  recollect  the  dif- 
ferent ideas  which  the  same  written 
language  suggests  to  different  mature 
minds,  we  may  form  some  concejJtion 
of  the  impossibility  of  a  child  making 
much  progress  in  this  way,  and  of  the 
weariness  and  ennui  which  the  thank- 
less effort  must  always  induce ;  and  yet 
at  the  present  day,  in  nineteen  out  of 
twenty  schools,  all  the  knowledge  that 
is  otFercd  is  througli  the  medium  of 
books  and  language  alone. 

It  is  well  remarked  by  Mr  Duppa, 
in  his  excellent  little  work  on  the  edu- 
cation of  the  peasantry  in  England, 
that  "  it  is  the  habit  of  accurately  ob- 
serving the  actual  nature  of  objects, 
as  perceivable  by  the  senses,  and  dis- 
tinctly   marking    their  differences, 
which  in  after  life  renders  a  man  in- 
telligent and  judicious.     There  are 
few  whose  natural  faculties  are  so  dull 
as  to  be  unable  to  perceive  a  distinc- 
tion when  pointed  out  to  them,  or 
when  their  notice  is  directed  towards 
it, — for  instance,  that  one  thing  is 
long,  another  short ;  that  one  thing  is 
round,  another  flat,  one  green,  and  an- 
other black.    But  how  few  are  there 
who,  when  minutely  questioned,  can 
give  a  clear  or  circumstantial  descrip- 
tion of  any  object  they  have  been  con- 
versant with,  or  in  what  particular 
that  object  differs  from  another  !  And 
why  is  this  ?    Because  they  have  not 
the  habit  of  accurate  observation  of 
things ;  and  they  have  not  that  habit, 
because  in  modern  education  a  child  s 
observation  at  tlie  moment  when  all  is 
new,  and  obicrvation  most  active,  is  wil- 
fuUy  drawn  away  from  things  to  the 
signs  of  things ;  and  the  boy  who  might 
easily  have  been  made  to  distinguish  the 
nature  and  properties  of  the  different 


objects  around  him,  has  only  learned 
to  distinguish  one  letter  from  another." 
(P.  27.) 

It  is  but  another  proof  of  the  har- 
mony of  design  in  all  the  works  of  the 
Creator,  that  this  method  of  directly 
cultivating  the  observing  powers  can- 
not be  adequately  fulfilled  without  a 
certain  amount  of  muscular  exertion 
and  of  daily  exposure  to  the  open  air, 
in  going  about  to  collect  and  examine 
the  varied  objects  of  interest  with 
which  creation  abounds.  In  other 
words,  we  cannot  benefit  the  perceptive 
faculties,  without  at  the  same  time  be- 
nefiting the  muscular  system  and  the 
organs  of  respiration,  circulation,  and 
digestion  ;  and  this  grand  recommen- 
dation in  the  eye  of  reason, — pursuing 
study  in  the  field  of  nature,  instead  of 
in  books  alone, — is  actually,  thougli 
not  avowedly,  the  circumstance  which 
retards  its  adoption  in  ordinary  edu- 
cation. To  lake  the  scholar  out  of  the 
school-room  to  look  at  the  works  of 
God  is  thought  to  be  encouraging 
idleness  and  a  love  of  pleasure,  and 
therefore  such  a  course  is  not  by  any 
means  to  be  thought  of  I 

What,  therefore,  is  wanted  is  a 
system  of  education  which  shall  not 
only  give  full  play  to  the  intellec- 
tual faculties,  but  also  make  ample 
provision  for  the  direct  exercise  of  the 
physical  and  moral  powers  and  do- 
mestic affections.  While  we  cultivate 
the  intellect,  let  us  never  forget  that 
our  moral  nature  is  of  still  greater 
importance  in  fitting  us  for  the  duties 
of  life.  And  while  we  cherish  both 
the  intellectual  and  moral  faculties, 
let  us  also  bear  in  mind  that  both  act 
by  means  of  a  physical  organism,  the 
well-being  of  which  is  indispensable 
to  their  health  and  soundness,  and  to 
our  happiness ;  and  that,  tlierefore, 
due  provision  must  be  made  for  its  ac- 
tive employment  either  in  useful  la- 
bour or  in  daily  exercise.  The  de- 
tails of  such  a  system  do  not  fall  un- 
der the  scope  of  a  work  like  this  ; 
and  having,  in  the  last  three  chapters 
of  my  Treatise  on  the  Physiological  and 
Moral  Management  of  Infancy,  entered 
pretty  fully  into  the  subject,  I  think  it 
unnecessary  to  proceed  here  beyond 
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the  foregoing  exposition  of  the  general 
principle.* 

During  infirm  health,  a  serious  ob- 
stacle to  entering  upon  the  regular  ex- 
ertion here  recommended  is  often 
present,  and  arises  from  p  feeling  in 
the  patient,  against  which  he  cannot 
be  too  much  on  his  guard.  Where  the 
nervous  system  is  weak,  and  where  it 
of  course  requires  most  to  be  strength- 
ened, there  is  often  a  retiring  sensi- 
tiveness of  disposition,  leading  its 
possessor  rather  to  avoid  than  to  seek 
intercourse  with  society.  Feeling  the 
irksomeness  of  present  exertion,  the 
nervous  invalid  is  apt  to  form  the  se- 
cret resolution  to  live  in  solitude  till 
the  mind  shall  become  stronger,  and 
then  to  seek  society  when  it  will  no 


longer  be  a  burden.  Unhappily,  how- 
ever, this  feeling  leads  only  to  delusion, 
and  the  wished  for  result  becomes 
every  day  more  distant  the  longer  re- 
tirement and  indolence  are  persevered 


*  In  the  "  Reports  on  the  Training  of 
Pauper  Children,"  submitted  to  the  Secre- 
tary of  State  by  the  Poor  Law  Commis- 
sioners in  1841,  the  reader  will  find  a  vast 
amount  of  evidence,  of  the  most  instruc- 
tive kind,  illustrative  of  the  principles  in- 
culcated in  these  pages.    The  whole  of  it 
being  derived  from  actual  and  extensive  ex- 
perience in  intellectual  and  moral  training, 
it  possesses  a  force  and  value  which  no  un- 
prejudiced and  intelligent  mind  can  resist. 
As  regards  the  prevention  of  crime,  and 
the  general  improvement  of  the  poor  and 
working  classes  in  character  and  social  com- 
fort, 1  consider  these  Reports  to  be  the 
most  important  contribution  which  the  pub- 
lic has  received  for  many  years.    In  Mr 
Simpson's  able  work  on  "  The  Philosophy 
of  Education,"  the  reader  will  find  an  elo- 
quent exposition  of  the  general  subject  of 
popular  education.    The  following  works 
also  may  bo  consulted  with  advantage:  — 
The  Training  System  of  Education,  Reli- 
gious, Intellectual,  and  Moral,  as  esta- 
blished in  the  Glasgow  Normal  Training 
Seminary,  by  David  Stow,  Esq.    (7th  edi- 
tion, 1847.)    Warne's  Phrenology  in  the 
Family  ;  Bray's  Education  of  the  Feelings  ; 
Wilderspin  on  Infant  Education  ;  Dr  Jilayo's 
Lessons  on  Objects,  as  given  in  a  Pestaloz- 
zian  School  at    Cheam,  Surrey  (London, 
1831);  and  Madame  do  Wahl's  Practical 
Hints  on  the  Moral,  Jlcntal,  and  Physical 
Training  of  Girls  at  School  (London,  1847.) 


in.  It  is  btj  activity,  and  not  by  repose, 
that  strength  is  to  be  acquired.  We  do 
not  expect  to  increase  bodily  strength 
by  lying  in  bed,  but  by  stirring 
about ;  and,  in  like  manner,  v.-e  shall 
never  succeed  in  strengthening  the 
nervous  system  by  indulging  in  soli- 
tude and  mental  indolence.  Many 
are  led  astray  by  the  false  expectation 
of  acquiring  strength  without  using 
the  natural  means  by  which  alone 
strength  can  be  procured. 

These  remarks  may  shew  how  ne- 
cessary it  is  that  teachers  generally, 
and  especially  those  entrusted  with  tlie 
care  of  the  weak-minded,  should  be 
thoroughly  acquainted  with  the  laws 
of  physiology  and  hygiene.     "  It  is 
obvious,"  says  Dr  Bush,  in  speaking  of 
the  education  of  children  of  feeble 
brains,  "  that  they  whose  profession 
and  daily  business  it  is  to  observe  and 
treat  those  organs  and  faculties  when 
diseased,  must  best  know  and  most  duly 
weigh  tlieir  capabilities  and  powers  of 
endurance  wlien  weak  ;  we  say  that  to 
such  men,  combining  the  physician 
with  the  instructor,  should  the  work  be 
committed, — to  such  men  should  be 
given  the  power  of  ordering  the  quan- 
tity, the  quality,  the  method,  the  sea- 
son, and,  indeed,  every  circumstance 
connected  with  the  important  duty  of 
educating  a  weak-minded  yet  immor- 
tal being.    Such  men  as  these  alone 
can  fully  appreciate  the  deplorable  ef- 
fects of  over-education  in  weak  sub- 
jects, and  they  alone  are  capable  of 
carrying  into  successful  practice  the 
hygienic  system  now  proposed.  Such 
men,    conversant   with   these  facts, 
would  at  once  join  in  the  recommen- 
dation of  making  green  fields  the 
chief   school-room,    and    nature  the 
chief  lesson-book  for  sucli  weak  minds; 
and  would  study  to  make  the  way  to 
knowledge   easy   and    pleasant,  by 
means  of  familiar  colloquy,  kind  sym- 
pathy, and  good  examples.    Such  men, 
conversant  with  tlie  various  faculties 
of  the  mind,  would  best  know  how  to 
discriminate  between  those  which  may 
be   cultivated   with   impunity,  and 
made  the  instrument  of  strengthening 
and  developing  the  others.    Such  men 
alone  can  know  when  to  desist  and 
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when  to  persist  in  their  attempts  to 
instruct."* 

Another  practical  principle  imme- 
diately connected  with  the  proper  ex- 
ercise of  the  mental  fiiculties  and  their 
cerebral  organs,  and  the  influence  of 
which  has  not  been  sufficiently  appre- 
ciated in  educational  management,  is 
that  which  inculcates  judicious  repe- 
tition as  indispensable  to  obtaining 
durable  results.  The  manner  in  which 
the  repetition  of  a  functional  act  ope- 
rates in  improving  the  condition  of  the 
organ,  may  be  understood  from  the 
explanation  formerly  given  of  the  in- 
fluence of  exercise  upon  nutrition  (see 
p.  112).  At  present  it  will  be  suffi- 
cient to  remark,  that  to  induce  strength 
and  facility  of  action  in  the  organs  ol' 
tlie  mind,  practice,  or  the  repetition  of 
the  effort,  is  as  essential  as  it  is  in  the 
organs  of  motion.  The  idea  or  feeling 
must  not  only  be  communicated,  but 
it  must  be  reproduced  and  represent- 
ed in  different  forms,  till  all  the  fa.- 
culties  c'oucerned  in  understanding  it 
come  to  work  efficiently  together  in 
the  conception  of  it,  and  till  a  sufficient 
impression  be  made  upon  the  organ  of 
mind  for  the  latter  to  retai:i  it.  This 
is,  in  truth,  the  reason  why  in  some 
parts  of  this  treatise  I  have  ventured 
upon  an  extent  of  repetition,  which  I 
should  have  been  the  first  to  condemn 
and  avoid  liad  the  subjects  been  less  im- 
portant, or  more  familiar  to  the  reader. 
From  overlooking  this  necessity  of  re- 
petition, weoften  blame  servants  for  not 
doing  a  thing  every  day,  because  they 
were  once  told  to  do  so.  The  organic 
laws,  however,  teach  us  that  we  are 
presumptuous  in  expecting  the  forma- 
tion of  a  habit  from  a  single  act,  and 
that  we  must  produce  the  associated 
activity  of  the  requisite  faculties  many 
times  before  the  result  will  certainly 
follow;  just  as  we  must  repeat  many 
times  the  movements  in  dancingor  skat- 
ing, before  we  become  master  of  them. 
In  like  manner,  we  find,  on  turning  to 
a  new  subject,  that  however  well  we 
may  understand  it  by  one  perusal,  we 
do  not  fully  master  it,  except  by  dwell- 

*  Pyschological  Journal,  No.  vii.,  p.  452. 


ing  upon  it  again  and  again.  Repeti- 
tion is,  in  fact,  tlie  principle  by  which 
the  division  of  labour,  so  well  under- 
stood in  England,  leads  to  such  admir- 
able perfection  of  work  where  practi- 
cal skill,  neatness  of  hand,  or  high 
finish,  is  required ;  and  in  the  rapid 
solution  of  complicated  arithmetical 
questions  in  many  of  our  common 
schools,  we  witness  its  effects  in  the 
operations  of  mind,  quite  as  remark- 
ably as  in  those  belonging  to  the  me- 
chanical arts. 

Repetition  is  thus  necessary  to  make 
a  durable  impression  on  the  brain ; 
and,  according  to  this  principle,  it  fol- 
lows, that,  in  learning  a  language  or 
science,  six  successive  months  of  ap- 
plication will  be  more  effectual  in  fix- 
ing it  in  the  mind,  and  making  it  a 
part  of  its  furniture,  than  double  or 
triple  the  time,  if  the  lessons  are  in- 
terrupted by  long  intervals  of  vaca- 
tion. Hence,  it  is  a  great  error  to  be- 
gin any  study,  and  then  break  off  to 
finish  at  a  later  period.  The  ennui  is 
thus  doubled,  and  the  success  greatly 
diminished.  The  best  way  is  to  begin 
at  the  proper  age,  and  to  persevere; 
till  the  object  is  attained.  This  ac- 
customs the  mind  to  sound  exertion, 
and  not  to  fits  of  attention. 

In  physical  education,  we  are  quite 
alive  to  the  advantages  of  repetition 
and  practice.  We  know  that  if  prac- 
tice in  dancing,  fencing,  skating,  and 
riding,  be  persevered  in  for  a  sufficient 
length  of  time  to  give  the  muscles  the 
requisite  promptitude  and  harmony  of 
action,  the  power  will  be  ever  after- 
wards retained,  although  little  called 
into  use ;  whereas,  if  we  stop  short  of 
this  point,  we  may  reiterate  practice 
by  fits  and  starts,  without  any  propor- 
tionate advancement.  The  same  prin- 
ciple applies  equally  to  the  moral  and 
intellectual  powers,  because  these  ope- 
rate by  means  of  their  appropriate 
organs. 

The  necessity  of  being  in  private 
what  we  wish  to  appear  in  public, 
springs  from  the  same  rule.  If  we 
wish  to  be  polite,  just,  kind,  and  soci- 
able, we  must  habitually  act  under  the 
influence  of  the  corresponding  senti- 
ments in  the  domestic  circle  and  in 
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every-day  life,  as  well  as  in  the  com- 
pany of  strangers  and  on  great  occa- 
sions. It  is  the  daily  practice  which 
gives  ready  activity  to  the  sentiments, 
and  marks  the  character.  If  we  in- 
dulge in  vulgarities  of  speech  and  be- 
haviour at  home,  and  put  on  politeness 
merely  for  the  reception  of  strangers, 
our  rudeness  will  shine  through  the 
mask  which  is  intended  to  hide  it ; 
because  the  habitual  association  to 
which  the  organs  and  faculties  have 
been  accustomed  cannot  thus  be  con- 
trolled. As  well  may  we  hope  to  ex- 
cel in  elegant  and  graceful  dancing, 
by  the  daily  practice  of  every  awk- 
ward attitude.  In  the  one  case,  as  in 
the  other,  the  organs  must  not  only  be 
associated  in  action  by  the  command 
of  the  will,  but  also  be  habituated  to 
the  association  by  the  frequency  of  the 
practice ;  a  fact  which  exposes  the 
ignorant  folly  of  those  parents  who 
habitually  act  with  rudeness  and  cap- 
rice towards  their  children,  and  then 
chide  them  for  unpolite  behaviour  to- 
wards strangers. 

The  same  principle,  of  repetition 
being  necessary  to  make  a  durable  im- 
pression on  the  brain  and  constitute  a 
mental  habit,  also  explains  the  manner 
in  which  natural  endowments  are  mo- 
dified by  external  situation,  and  how 
the  gradual  progress  of  civilization 
and  the  improvement  of  the  human 
race  arc  effected.  The  passage  from 
barbarism  to  civilization  is  a  slow  and 
gradual  process,  continued  almost  im- 
perceptibly through  the  course  of  many 
generations,  and  evidently  dependent 
on  the  improvement  occasioned  in  the 
quality,  size,  and  form  of  the  brain  by 
continued  cultivation  during  a  succes- 
sion of  ages.  How  slow  this  change  may 
be,  and  yet  how  it  may  ultimately  be 
effected,  will  appear  from  the  following 
remarkable  observations  by  Mr  Dar- 
win, which,  because  of  their  important 
bearing  on  this  point,  we  quote  entire. 

"  I  will  conclude  my  description  of 
the  natural  history  of  these  islands" 
(the  Galapagos  Archipelago),  says  this 
eminent  naturalist,  "by  giving  an  ac- 
count of  the  extreme  tameness  of  the 
birds. 

"  This  disposition  is  common  to  all 


the  terrestrial  species ;  namely,  to  the 
mocking  thrushes,  the  finches,  wrens, 
tyrant-fly-catchers,  the  dove,  and  car- 
rion-bixzzard.  All  of  them  often  ap- 
proached sufficiently  near  to  be  killed 
with  a  switch,  and  sometimes,  as  I 
myself  tried,  with  a  cap  or  hat.  A 
gun  is  here  almost  superfluous;  for 
with  the  muzzle  I  pushed  a  hawk  off 
the  branch  of  a  tree.  One  day,  whilst 
lying  down,  a  mocking-thrush  alighted 
on  the  edge  of  a  pitcher,  made  of  the 
shell  of  a  tortoise,  which  I  held  in  my 
hand,  and  began  very  quietly  to  sip 
the  water;  it  allowed  me  to  lift  it 
from  the  ground  whilst  seated  on  the 
vessel ;  I  often  tried  and  nearly  suc- 
ceeded in  catching  these  birds  by  their 
legs.  Formerly  the  birds  appear  to 
have  been  much  tamer  than  at  present. 
Cowley  (in  the  year  1684)  says  that 
the  'turtle  doves  were  so  tamo  that 
they  would  often  alight  upon  our  hats 
and  arms,  so  that  we  could  take  them 
alive  :  they  not  fearing  man,  until  such 
time  as  some  of  our  company  did  fire 
at  them,  whereby  they  were  rendered 
more  shy.'  Dampier  also,  in  the  same 
year,  says  that  a  man  in  a  morning's 
walk  might  kUl  six  or  seven  dozen  of 
these  doves.  At  present,  although 
certainly  very  tame,  they  do  not  alight 
on  people's  arms,  nor  do  they  suffer 
themselves  to  be  killed  in  such  large 
numbers.  It  is  surprising  that  they 
have  not  become  wilder ;  for  these 
islands  during  the  last  hundred  and 
fifty  years  have  been  frequently  visited 
by  bucaniers  and  whalers ;  and  the 
sailors,  wandering  through  the  woods 
in  search  of  tortoises,  always  take 
cruel  delight  in  knocking  down  the 
little  birds. 

"  These  birds,  although  now  still 
persecuted,  do  not  readily  become  wild; 
in  Charles  Island,  which  had  been  co- 
lonized about  six  years,  I  saw  a  boy 
sitting  by  a  well  with  a  switch  in  his 
hand,  with  which  he  killed  the  doves 
and  finches  as  they  came  to  drink, 
lie  had  already  procured  a  little  heap 
of  them  for  his  dinner ;  and  lie  said 
he  had  been  constantly  in  the  habit  of 
waiting  by  the  well  for  the  same  pur- 
pose. It  would  appear  that  the  birds 
of  this  Archipelago,  not  having  as  yet 
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learnt  that  man  is  a  more  dangerous 
animal  than  the  tortoise  or  the  ambly- 
rhynchus,  disrogai-d  him,  in  the  same 
manner  as  in  England  shy  birds,  such 
as  magpies,  disi-ogard  the  cows  and 
horses  grazing  in  our  fields. 

The  Falkland  Islands  ofTer  a  second 
instance  of  birds  with  a  similar  dis- 
jwsition.   The  extraordinary  tameness 
of  the  little  opetiorhynchus  has  been 
remarked   by  Pernety,  Lesson,  and 
other  voyagers.    It  is  not,  however, 
peculiar  to  that  bird ;  the  polyborus, 
snipe,    upland   and   lowland  goose, 
thrush,  bunting,  and  even  some  true 
hawks,  are  all  more  or  less  tame.  As  the 
birds  are  as  tame  there,  where  fo.xes, 
hawks,  and  owls  occur,  we  may  infer 
that  the  absence  of  all  rapacious  ani- 
mals at  the  Galapagos,  is  not  the 
cause  of  their  tameness  here.  The 
upland  geese  at  the  Falklands  shew, 
by  the  precaution  they  take  in  build- 
ing on  the  islets,  that  they  are  aware 
of  their  danger  from  the  foxes  ;  but 
they  are  not  by  this  rendered  wild  to- 
wards  man.    The   tameness  of  the 
birds,  especially  of  the  water  fowl, 
is  strongly  contrasted  with  the  habits 
of  the  same  species  in  Terra  del  Fuego, 
where  for  ages  past  they  have  been 
persecuted  by  the  wild  inhabitants. 
In  the  Falklands,  the  sportsman  may 
sometimes  kill  more  of  the  upland 
geese  in  one  day  than  he  can  carry 
home ;  whereas,  in  Terra  del  Fuego, 
it  is  nearly  as  difficult  to  kill  one  as  it 
is  in  England  to  shoot  the  common 
wild  goose.    In  the  time  of  Pernety 
(1763),  all  the  birds  there  appear  to 
have  been  much  tamer  than  at  present; 
he   states   that    the  opetiorhynchus 
■would  almost  perch  on  his  fingers,  and 
that  with  a  wand  he  killed  ten  in  half 
an  hour.     At  that  period  the  birds 
must  have  been  about  as  tame  as  they 
are  now  at  the  Galapagos.    They  ap- 
pear to  have  learnt  caution  more  slowly 
at  these  latter  islands  than  at  the  Falk- 
lands, where  they  have  bad  proportion- 
ate means  of  experience;  for  besides  fre- 
quent visits  from  vessels,  those  i!5lands 
have  at  intervals  been  colonized  dur- 
ing the  whole  period.    Even  formerly, 
when  all  birds  were  so  tnme,  it  was 
impossible,  by  Pernety's  account,  to 


kill  the  black-necked  swan — a  bird  of 
passage  which  probably  brought  with 
it  the  wisdom  learnt  in  foreign  coun- 
tries. 

"  I  may  add  that,  according  to  Du 
Bois,  all  the  birds  at  Bourbon  in  1571- 
72,vvith  the  exception  of  the  flamingoes 
and  geese,  were  so  extremely  tame, 
that  they  could  he  caught  by  the  hand, 
or  killed  in  any  number  with  a  stick. 
Again,  at  Tristan  d'Acunhii  in  the 
Atlantic,  Carmichael  states  that  the 
only  two  land-birds,  a  thrush  and  a 
bunting,  were  '  so  tame  as  to  suffer 
themselves  to  be  caught  with  a  hand- 
net.'  Fi'om  these  several  facts  we 
may,  I  think,  conclude,  first,  that  the 
wildness  of  birds  with  regard  to  man 
is  a  particular  instinct  directed  against 
him,  and  not  dependent  on  any  gene- 
ral degree  of  caution  arising  from 
sources  of  danger;  secondly,  that  it  is 
not  acquired  by  individual  birds  in  a 
short  time,  even  when  much  perse- 
cuted ;  but  that  in  the  course  of  suc- 
cessive generations  it  becomes  heredi- 
tary. With  domesticated  animals  we 
are  accustomed  to  see  new  mental  ha- 
bits or  instincts  acquired  and  rendered 
hereditary  ;  but  with  animals  in  a 
state  of  nature  it  must  always  be  most 
difficult  to  discover  instances  of  ac- 
quired hereditary  knowledge.  In  re- 
gard to  the  wildness  of  birds  towards 
man,  there  is  no  way  of  accounting  for 
it,  except  as  an  inherited  habit;  com- 
paratively few  young  birds,  in  any 
one  year,  have  been  injured  by  man  in 
lOngland,  yet  almost  all,  even  nestlings, 
are  afraid  of  him  :  many  individuals, 
on  the  other  hand,  both  at  Galapagos 
and  at  the  Falklands,  have  been  pur- 
sued and  injured  by  man,  but  yet 
have  not  learned  a  salutary  dread  of 
him.  We  may  infer  from  these  facts, 
what  havoc  the  introduction  of  any 
new  beast  of  prey  must  cause  in  a 
country,  before  the  instincts  of  the 
indigenous  inhabitants  have  become 
adapted  to  the  stranger's  craft  or 
power.'* 

From  these  facts  we  learn  also,  by 
analogy,  how  slowly  the  intellectual 
and  moral  development  of  abased  hu- 

•  Darwin's  Journal  of  a  Naturalist,  p. 
3»o— lox 
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man  races  must  proceed,  and  1)0W 
many  ages  must  elapse  before  the  sa- 
vage native  of  Australia  can  attain 
the  degree  of  civilization  at  present 
characteristic  of  Europe  generally.  In 
a  minor  degree  the  same  remark  is  ap- 
plicable to  the  different  races  of  civil- 
ized nations.  Long-continued  culture 
has  been  highly  influential  in  raising 
the  Saxon  race  above  the  Celtic  :  but 
there  seems  to  be  nothing  inherent  in 
the  brain  of  the  Celt  to  prcTcnt  it 
from  reaching,  in  the  course  of  ages, 
the  same  degree  of  development,  and 
as  good  quality,  as  the  Saxon  brain. 
But  the  education  of  a  single  gene- 
ration is  not  sufliicient  to  raise  the 
national  standard ;  the  work  must  be 
continued  through  a  succession  of  ages. 
That  class  whica  for  generation  after 
generation  has  been  employing  the 
muscular  system  only,  cannot  be  sup- 
posed to  have  attained  a  cerebral  de- 
velopment equal  to  that  of  the  edu- 
cated classes.  Accordingly,  Professor 
Owen,  some  years  ago,  found  that  the 
brain  of  the  adult  Irish  labourer  does 
not  weigh  more  than  the  average 
brain  of  a  youth  of  fourteen  in  the 
educated  classes ;  and  we  have  little 
doubt  that  extended  observations 
would  give  the  same  result.  This 
eminent  physiologist,  moreover,  con- 
fesses his  ignorance  of  any  modifica- 
tion of  form  or  size  in  the  brain  of 
the  negro,  that  would  support  an  in- 
ference that  the  Ethiopian  race  would 
not  profit  by  the  same  influences,  fa- 
vouring mental  and  moral  improve- 
ment, which  have  tended  to  elevate 
the  primitively  barbarous  white  races 
of  men.* 

Sir  Charles  Lyell,  by  whom  these 
facts  are  stated,  mentions  also  that  in 
the  Boston  schools  the  white  and  black 
children  are  educated  separately,  not 
from  an  indulgence  in  anti-negro 
feelings,  but  because  it  is  found  that 
in  this  way  both  races  may  be  brought 
on  faster.  "  Up  to  the  age  of  fourteen 
the  black  children  advance  as  fast  as 
the  whites  ;  but  from  that  age,  unless 
there  be  an  admixture  of  white  blood, 

•  Second  Visit  to  the  United  States,  by 
Sir  Charles  Lyell,  vol.  i.,  p.  129. 


it  becomes,  in  most  instances,  extremely 
difficult  to  carry  them  forward.  That 
the  half-breeds  should  be  intermediate 
between  the  two  parent  stocks,  and 
that  the  coloured  race  should  there- 
fore gain  in  mental  capacity  in  pro- 
portion as  it  approximates  in  physi- 
cal organization  to  the  whites,  seems 
natural ;  and  yet  it  is  a  wonderful 
fact,  psychologically  considered,  that 
we  should  be  able  to  trace  the  pheno- 
mena of  hybridity  even  into  the  world 
of  intellect  and  reason."*  But  this 
is  no  isolated  fact.  Throughout  the 
whole  animal  kingdom  we  find  men- 
tal qualities  equally  hereditary  with 
bodily  qualities,  and  for  this  simple 
reason,  that  the  character  of  the  mind 
is  dependent  on  the  condition  of  the 
bodily  organs.  The  offspring  of  horses 
wliich  have  been  trained  in  the  circus 
shew  a  natural  disposition  to  learn 
the  feats  performed  by  their  parents  ; 
while,  on  the  other  hand,  it  is  almost 
impossible  to  break  the  immediate  de- 
scendants of  the  wild  horse. f 

"  No  one,"  says  Dr  Carpenter,  "  who 
has  had  sufficient  opportunities  of  ob- 
servation, can  doubt  that  the  intellec- 
tual faculties  which  have  been  deve- 
loped by  cultivation,  are  generally 
transmitted  to  the  offspring  in  an  im- 
proved state ;  so  that  the  descendant 
of  a  line  of  educated  ancestors  will 
probably  have  a  much  higher  capa- 
city for  instruction  than  the  child 
that  springs  from  an  illiterate  race. "J 
In  reference  to  this  observation,  a 
medical  journalist  exclaims — "  How 
wide  a  field  for  discussion  and  for 
action  does  this  consideration  present! 
How  gravely  do  the  spread  of  educa- 
tion and  the  science  of  intermarriage 
address  themselves  to  the  attention  of 
the  philanthropist  and  the  legisla- 
tor !  The  fruits  of  care  and  culture 
are  not  confined  to  the  well-being  of 
a  single  individual :  they  bear  within 
them  the  blessings  of  increase,  and 

*  Loc.  cit. 

+  For  much  information  on  hereditary  in- 
fluence, see  Traito  do  L'Heredito  Naturelle. 
Par  le  Dr  P.  Lucas.    P.ivis,  1850. 

'  Princiiilps  t>f  Gpncial  and  Comparative 
rnysiology,  p.  512. 
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multiply  tenfold  with  each  succeed- 
ing generation."* 

It  is  only  by  long-continued  culture, 
therefore,  that  the  cerebral  develop- 
ment, and  consequently  the  mental 
and  moral  attributes  of  a  race,  can  be 
changed  ;  and  hence  we  may  learn 
the  folly  of  suddenly  casting  upon  a 
people,  by  means  of  violent  political 
revolution,  the  fulfilment  of  duties  to 
which  they  have  not  been  gradually 
trained.  Writing  in  1824,  Sir  Thomas 
Munro  said  :  "  I  shall  never  review  my 
own  proceedings,  because  they  can 
have  no  sensible  effect  in  ray  time  or 
for  many  years  after:  for  it  is  the 
nature  of  measures  calculated  for  im- 
provement to  be  slow  in  their  opera- 
tions. When  I  read,  as  I  sometimes 
do,  of  a  measure  by  which  a  large  pro- 
vince has  been  suddenly  improved,  or 
a  race  of  semi-barbarians  civilized  al- 
most to  Quakerism,  I  throw  away  the 
book."  That  the  form  and  size  of  the 
brain  are  changed  by  mental  culture, 
is  indicated  by  numerous  facts  to 
which  I  have  elsewhere  directed  at- 
tention,! as  well  as  by  the  few  obser- 
vations which  have  yet  been  made  on 
the  crania  found  in  tumuli  or  other 
ancient  places  of  interment.  J 

In  the  individuals  of  a  race  we  see 
more  plainly  the  influence  of  education 
and  habit  in  changing  or  forming  cha- 
racter, than  in  the  raceasabody.  Place, 
for  example,  a  child  of  average  propen- 
sities, sentiments,  and  intellect,  among 
a  class  of  people — such  as  tliieves — in 
whom  the  selfish  faculties  arc  exclu- 
sively exercised ;  by  whom  gain  is 
worshipped  as  the  end  of  life,  and 
cunning  and  cheating  as  the  means ; 
and  among  whom  is  never  heard  one 
word  of  disapprobation  or  moral  in- 
dignation against  either  crime  or  sel- 

•  Medico- Chirurgical  Review,  April  1843, 
p.  450. 

t  Phrenological  Journal,  x.  414, 
I  See  The  Archa;ology  and  Prehi'itoric 
Annals  of  Scotland,  by  Daniel  AYilson, 
chap,  ix.,  on  the  "  Crania  of  Tumuli."  Mr 
Wilsou  deserves  much  credit  for  the  labo- 
rious and  accur.Tto  manner  in  which  he 
has  collected  and  arranged  the  scanty  mate- 
rials of  this  chapter  ;  aud  it  is  to  be  hoped 
tliat  increased  atttntiou  will  be  paid  to  the 
subject  by  archaeologists  in  future. 


fishness ;  and  the  lower  faculties  of 
this  child  will  be  exclusively  exer- 
cised and  increased  in  strengtli,  while 
the  higher  will  be  left  unemployed 
and  become  weak.  It  will  conse- 
quently not  only  act  as  those  around 
it  do,  but  insensibly  grow  up  resem- 
bling them  in  disposition  and  charac- 
ter; because,  by  the  law  of  repetition, 
the  organs  of  the  selfish  qualities  will 
have  acquired  proportionally  greater 
aptitude  and  vigour,  just  as  do  the 
muscles  of  the  fencer  or  dancer.  But 
suppose  the  same  individual  placed 
from  infancy  in  the  society  of  a  highly 
moral  and  intellectual  circle  ;  the 
moral  faculties  will  then  be  habitu- 
ally excited,  and  their  organs  invigo- 
rated by  repetition,  till  a  greater  apti- 
tude, ov,  in  other  words,  a  higher  moral 
charact'jr,  will  be  formed.  There  are, 
of  course,  limits  set  to  this  modifica- 
tion by  the  natural  endowments  of 
the  individual  ;  but  where  the  ori- 
ginal dispositions  are  not  strongly 
marked,  the  range  is  still  a  wide  one. 

In  carrying  repetition  into  effect, 
the  times  and  circumstances  under 
which  it  should  be  practised  also  de- 
serve the  most  serious  consideration. 
On  these  I  shall  accordingly  offer  a 
few  remarks. 

It  seems  to  be  a  law  of  the  animal 
economy,  that  two  classes  of  functions 
cannot  be  habitually  in  exalted  action 
at  the  same  time,  without  one  or  other, 
or  both,  sooner  or  later  sustaining  in- 
jury. Hence  the  important  rule,  never 
to  enter  upon  continued  mental  exertion, 
or  to  rouse  deep  feeling,  immediately  after 
a  full  meal,  as  the  activity  of  the  brain 
is  sure  to  interfere  with  that  of  the 
stomach,  and  disorder  its  functions. 
Even  in  a  perfectly  healthy  person, 
unwelcome  news,  sudden  anxiety,  or 
mental  excitement,  occurring  after 
eating,  will  put  an  entire  stop  to  di- 
gestion, and  cause  the  stomach  to 
loathe  at  the  sight  of  food.  In  ac- 
cordance with  this,  we  learn  by  ex- 
perience, that  the  worst  forms  of  in- 
digestion and  nervous  depression  are 
those  which  arise  from  excessive  ap- 
plication of  mind  or  turmoil  of  feel- 
ing, conjoined  with  unrestrained  in- 
dulgence in  the  pleasures  of  the  table. 
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In  such  circumstances,  the  stomach 
and  brain  react  upon  and  disturb 
each  other,  till  all  the  horrors  of  ner- 
vous disease  supervene,  and  render 
life  miserable.  Literary  men  and 
hard  students  know  this  fact  from 
sad  experience  ;  but,  as  they  are  not 
aware  of  the  incompatibility  of  the 
two  processes  of  active  thinking  and 
active  digestion  going  on  at  the  same 
time,  it  is  extremely  difficult  to  give 
them  a  sense  of  their  danger,  and  to 
convince  them  that  an  hour  or  an 
hour  and  a  half  after  a  meal  is  more 
profitably  spent  in  easy  relaxation 
than  in  the  labour  of  composition. 
As  regards  the  lower  animals,  indeed, 
we  are  careful  enough  to  observe  this 
organic  law  ;  for  we  do  not  allow  our 
horses  or  dogs  to  be  actively  exercised 
till  digestion  is  in  some  degree  ad- 
vanced. 

It  may  be  said  that  mechanics, 
labourers,  and  others,  hurrj'  away  to 
work  immediately  after  meals  without 
any  apparent  injury ;  and  that,  in  the 
United  States,  the  practice  of  hastily 
swallowing  dinner  and  instantly  re- 
turning to  business  is  almost  univer- 
sal. My  answer  to  this  objection  is 
simply,  that  experience  proves  the  fact 
that  digestion  goes  on  better  when  ex- 
ertion is  refrained  from  and  repose  is 
enjoyed ;  and  that  the  tendency  to 
sleep  and  inactivity  which  besets  most 
animals  after  a  full  meal,  shews  repose 
to  be,  in  such  circumstances,  the  in- 
tention of  Nature.  It  must  be  ob- 
served, also,  that  the  bad  effects  of  im- 
mediate exertion  are  not  among  those 
which  ensue  instantly,  or  are  felt  from 
day  to  day.  Thej-^  may  shew  them- 
selves only  at  the  end  of  months  or 
years,  when  the  influence  has,  as  it 
were,  accumulated  by  repetition.  Al- 
though, therefore,  the  system  possesses 
a  certain  power  of  resistance,  and  many 
persons  seem  to  escape  even  for  j^ears, 
it  cannot  be  doubted  that  opposition 
to  the  law  of  nature  will  eventually 
prove  injurious.  The  extreme  pre- 
valence of  dyspeptic  complaints  and 
of  insanity  among  the  Americans,  is 
doubtless  partly  owing  to  the  very 
practice  which  is  supposed  by  some  to 
be  harmless  to  them.    Dr  Caldwell, 


who  has  devoted  much  time  and  talent 
to  the  diffusion  of  sound  knowledge 
and  the  improvement  of  the  race,  and 
whose  opportunities  of  observation 
have  been  verj'  extensive,  expressly 
mentions  that  "  dyspepsia  and  madness 
prevail  more  extensively  in  the  United 
States  than  among  the  people  of  any 
other  nation.  Of  the  amount  of  our 
dyspeptics,"  says  he,  "  no  estimate 
can  be  formed;  but  it  is  immense. 
Whether  we  inquire  into  cities,  towns, 
villages,  or  country  places,  among  the 
rich,  the  j^oor,  or  those  in  moderate 
circumstances,  we  find  dj-spepsia  more 
or  less  prevalent  throughout  the  land."* 
It  is  clear  from  this  testimony  (which 
is  confirmed  by  many  other  observers) 
that  the  people  of  the  United  States 
form  no  exception  to  the  general  law 
of  nature,  and  that  they  do  suffer  for 
their  hurried  eating  and  neglect  of  re- 
pose after  meals. f 

The  time  best  adapted  for  mental  ex- 
ertion falls  next  to  be  considered.  Na- 
ture has  allotted  the  darkness  of  night 
for  repose,  and  for  the  restoration,  by 
sleep,  of  the  exhausted  energies  of  mind 
and  body.  If  study  or  composition 
be  ardently  engaged  in  towards  that 
period  of  the  day,  the  increased  action 
in  the  brain  which  always  accompanies 
activity  of  mind  requires  a  long  time 
to  subside ;  and,  if  the  student  be  at 
all  of  an  irritable  habit  of  body,  he 
wiU  be  sleepless  for  hours  after  going 
to  bed,  or  perhaps  be  tormented  by 
unpleasant  dreams.  If,  notwithstand- 
ing, the  practice  be  continued,  the 
want  of  refreshing  repose  will  ulti- 
mately induce  a  state  of  morbid  irri- 
tability of  the  nervous  system,  not  far 
distant  from  insanity.  It  is,  there- 
fore, of  great  advantage  to  engage  in 
severer  studies  early  in  the  day,  and 
devote  two  or  three  of  the  hours  which 
precede  bed-time,  to  lighter  reading, 
music,  or  amusing  conversation.  The 
vascular  excitement  previously  in- 
duced in  the  head  by  study  has  then 

**  Caldwell's  Discourse  on  Physical  Edu- 
cation, p.  87. 

t  See  tlic  chapter  on  the  "  Conditions  to 
be  observed  before  and  after  eating,"  in  the 
1  Author's  Physiology  of  Digestion. 


INTERVALS  OP  REST— REGULARITY  OP  EXERCISE.  299 


time  to  subside,  and  sound  refreshing 
sleep  is  much  more  certainly  obtained. 
This  rule  is  of  great  consequence  to 
those  who  are  obliged  to  undergo  much 
mental  labour  ;  and  it  will  be  found 
that  many  of  our  most  prolific  writers, 
— those  especially  who  write  much 
and  yet  preserve  their  health, — have 
either  from  knowledge  or  inclination 
devoted  their  mornings  to  study  and 
their  evenings  to  relaxation,  and  ha- 
bitually indulged  in  ample  exercise. 
Such  was  Sir  Walter  Scott's  distribu- 
tion of  his  time,  and  such  I  know  to 
be  that  of  one  of  our  ablest  living 
writers. 

There  are,  no  doubt,  individuals  so 
happily  constituted,  and  whose  natural 
sphere  is  so  essentially  that  of  activity, 
that  thej'  are  able  to  think  and  work 
early  and  late,  for  years  in  succession, 
with  very  little  sleep,  and  with  little 
regard  to  diet  and  regimen ;  but  they 
are  so  obviously  exceptions  to  the 
general  rule,  that  we  cannot  for  a 
moment  hold  them  up  as  models  for 
imitation.  And  even  they  would  en- 
joy their  astonishing  gifts  with  greater 
security,  were  they  to  conform  more 
completely  to  the  laws  of  tlie  organism. 

Intervals  of  rest  should  also  be  care- 
fully observed  in  conducting  mental 
exercise  and  moral  training,  otherwise 
the  results  will  be  unsatisfactory.  We 
are  all  familiar  with  the  advantages  of 
a  period  of  repose  after  active  mus- 
cular exertion,  and  must  have  noticed 
the  renewed  zest  with  wliich  games 
are  resumed  in  youth  after  an  interval 
of  rest.    The  same  principle  holds  in 
regard  to  exercise  of  the  brain  and 
mind.    After  long-continued  applica- 
tion the  molecular  condition  oi' the  brain 
is  changed  (p.  113),  the  attention  flags, 
and  further  study,  if  persevered  in,  is 
comparatively  unprofitable.    After  a 
sufficient  interval  of  repose,  however, 
the  mind  regains  its  elasticity,  and 
returns  with  zest  and  alacrity  to  the 
subject  which  formerly  wearied  it. 
Hence,  as  observed  by  Simond,  "  the 
artist  draws  better  after  laying  down 
his  pencil  for  some  time,  or  plays  better 
on  an  instrument;  fencing,  swimming, 
are  improved  likewise.  We  h:ive,  how- 
ever, neither  studied  nor  practised" 


during  the  interval  which  has  elapsed  ; 
"  the  mind,  as  far  as  we  know,  has 
been  inactive,  as  well  as  the  hand. 
Should  we  know  little  before  the  inter- 
ruption, we  are  apt  indeed  to  forget 
that  little ;  but,  if  the  skill  was  sulfi- 
ciently  perfect,  it  increases  dui'ing  a 
certain  period  of  inaction,  becomes  sta- 
tionary when  longer  intermitted,  and 
is  lost  at  last  by  protracted  di.suse."* 
These  results  are  in  perfect  harmony 
with  the  principles  of  exeixise  ex- 
plained in  chapter  vii.,  and  the  im- 
provement observable  after  a  projjer 
interval  of  inaction  is  simply  an  in- 
dication that  the  exhausted  organ  has 
now  recovered  its  tone,  and  acquired 
increased  dexterity  fi'om  its  previous 
exercise.  Something  of  the  same  kind 
has  often  been  experienced  in  the  con- 
fusion of  mind  which  comes  on  at  night 
after  severe  application  to  study.  The 
jaded  literary  or  scientific  labourer 
goes  to  bed  hopeless  and  dispirited,  be- 
cause the  brain  and  mental  energies 
are  exhausted.  After  a  sound  sleep 
he  awakes  in  the  morning  witli  re- 
newed energy  and  a  clear  head,  and 
finds  he  has  really  made  greater  pro- 
gress than  he  imagined. 

Periodicity,  or  the  tendency  to  re- 
sume the  same  mode  of  action  at  stated 
times,  is  peculiarly  the  characteristic 
of  the  nervous  system  ;  and  on  this 
account  regularity  is  of  great  conse- 
quence in  exercising  the  moral  and  in- 
tellectual powers.  All  nervous  dis- 
eases have  a  marked  tendency  to  ob- 
serve regular  periods,  and  the  natural 
inclination  to  sleep  at  the  approach  of 
night  is  but  another  instance  of  the 
same  fact.  It  is  this  princijjle  of  our 
nature  which  promotes  the  formation 
of  what  are  called  habits.  If  we  re- 
peat any  kind  of  mental  effort  every 
day  at  the  same  hour,  we  at  last, 
when  the  time  approaches,  find  our- 
selves entering  upon  it  without  pre- 
meditation ;  and,  in  like  manner,  if  we 
arrange  our  studies  in  accordance  with 
this  law,  and  take  up  each  regularly 
in  the  same  order,  a  natural  aptitude 
is  soon  produced,  wliich  renders  appli- 

*  Simontl's  Travels  in  Great  Uritain, 
vol.  i.,  p.  14. 
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cation  more  easy  than  when  the  sub- 
jects are  taken  up  as  accident  may 
direct.  Nay,  occasionally,  the  ten- 
dency to  periodical  and  associated 
activity  becomes  in  tlie  course  of  time 
so  great,  that  the  faculties  seem  to  go 
through  their  operations  almost  with- 
out conscious  effort,  while  their  faci- 
lity of  action  becomes  so  prodigiously 
increased  as  to  give  unerring  certainty 
where  at  first  great  difficulty  was  ex- 
perienced.* 

In  thus  forming  habits  and  ac- 
quiring readiness,  we  merely  turn  to 
account  that  organic  law  which  asso- 
ciates increased  aptitude,  animation, 
and  vigour,  with  regular  exercise.  It 
is  not  the  soul,  or  abstract  principle  of 
mind,  which  is  thus  changed,  but 
simply  the  organic  medium  through 
which  it  acts ;  and  when  we  compare 
the  rapid  and  easy  eloquence  of  the 
practised  orator  with  the  slow  and 
embarrassed  utterance  which  distin- 
guished him  at  the  outset  of  his  career, 
we  have  merely  a  counterpart,  in  the 
organ  of  mind,  of  what  is  effected  in 
the  organs  of  motion,  when  the  easy 
and  graceful  movements  of  the  prac- 
tised danccr,writer,  or  pianoforte  play- 
er, take  the  place  of  his  earliest  and 
rudest  attempts. 

The  reader  will  now  be  prepared  to 
understand  the  difference  between  the 
manner  in  which,  and  the  subjects  on 
which,  the  various  faculties  of  the 
mind  ought  to  be  exercised.  In  or- 
dinary education,  the  former  has  been, 
in  a  great  measure,  left  to  the  deter- 
mination of  chance  or  caprice,  although 
it  is,  in  reality,  of  even  greater  import- 
ance, as  concerns  the  results,  than  the 
right  selection  of  the  subjects  to  be 

*  These  remarks  are  curiously  confirmed 
by  an  anecdote  of  Silvio  Pcllico,  which  I 
re;ul  in  the  Foreign  Quarterly  Review  (No. 
xxii.,  p.  478),  when  this  slieet  was  first  pass- 
ing through  the  press.  When  first  im- 
prisoned, Pellico  was  "^llowed  the  use  of  a 
copy  of  Dante  and  the  Bible.  Of  the  for- 
mer, he  used  to  commit  a  canto  to  memory 
every  day,  till  at  last  the  exercise  became  so 
mechanical  that  it  ceased  to  afford  any 
interruption  to  the  train  of  melancholy 
thontjht."  I  need  scarcely  point  out  the 
coincidence  between  this  and  the  remarks 
iu  the  text. 


taught.  The  exposition  which  I  have 
given  of  the  physiological  conditions 
under  which  the  different  mental 
powers  act,  will,  it  is  hoped,  tend  to 
prevent  the  continuance  of  this  error, 
and  lend  some  aid  towards  a  choice  of 
subjects  more  in  accordance  with  the 
moral  and  intellectual  nature  of  man. 
Hitherto,  reading,  writing,  and  arith- 
metic, have  been  almost  the  only  bran- 
ches taught  to  the  working  classes; 
and  even  the  more  comprehensive 
scheme  of  Mechanics'  Institutions  em- 
braces the  education  of  the  perceptive 
faculties  only,  and  makes  no  direct 
provision  for  the  training  of  the  higher 
intellectual  and  moral  powers,  which, 
nevertheless,  are  intended  to  be  the 
guides  of  our  conduct,  and  the  main 
sources  of  our  happiness. 

It  would  require  a  separate  volume 
to  discuss  satisfactorily  the  whole  sub- 
ject of  education,  and  to  decide  upon 
the  relative  importance  of  different 
branches  of  knowledge  for  different 
ages,  sexes,  professions,  and  classes  of 
society.    I  must  therefore  wholly  ab- 
stain, at  present,  from  the  considera- 
tion of  the  latter  branch  of  the  inquiry, 
and  content  myself  with  remarking, 
that  in  every  case,  without  exception, 
whatever  the  kind  of  education  to  be 
given,  it  is  of  the  utmost  practical 
consequence,  that  in  the  manner  of 
communicating  it  we  should  act  in  ac- 
cordance with  the  physiological  laws 
which  preside  over  the  operations  of 
the  mind.    Whatever  we  attempt  to 
teach,  whether  merely  reading  and 
writing,  or  the  higher  truths  of  intel- 
lectual and  moral  science,  our  success 
will  depend,  in  a  great  measure,  on 
the  extent  to  which  we  act  in  accord- 
ance with  the  laws  of  physiology  in 
our  mode  of  teaching,-  and  for  this 
simple  reason  I  cannot  regard  any 
teacher  or  parent  as  fully  and  con- 
scientiously qualified  for  his  duties, 
unless  he  has  made  himself  acquainted 
with  the  nature  and  general  laws  of 
the  animal  economy,  and  with  the 
direct  relation  in  which  these  stand  to 
the  principles  of  education. 

The  brain,  as  the  instrument  of  the 
mind,  is,  like  the  muscles,  liable  to  be 
strengthened  by  judicious  exercise,  or 
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enfeebled  by  overwork.  Every  body 
admits  that  one  man  is  capable  of  un- 
dergoing much  more  muscular  exer- 
cise than  another ;  but  the  truth  that 
one  brain  is  capable  of  undergoing 
much  more  intellectual  labour  than 
another  is  not  so  generally  recognised. 
And  even  where  it  is  theoretically  ad- 
mitted, it  is  too  often  practically  ne- 
glected ;  for  the  simple  reason  that 
more  reflection  is  required  to  perceive 
the  abuse  of  the  cerebral  organs.  The 
nervous  system  is  the  noblest  and  most 
characteristic  part  of  man,  through 
which  he  acquires  his  proud  pre-emi- 
nence as  an  intelligent  being.  Yet 
how  often  do  we  find  the  culture  of 
the  brain  entrusted  to  teachers  desti- 
tute of  every  qualification  for  the  task, 
and  who  have  resorted  to  tuition  as  a 
last  resource  against  want !  No  one 
thinks  of  being  a  dancing-master  or  a 
fencing-master  without  having  in  the 
first  place  educated  his  own  muscular 
system  in  the  exercises  of  fencing  or 
dancing ;  but  multitudes  are  ready  to 
undertake  the  cerebral  cultivation  of 
the  young,  though  entirely  ignorant 
of  the  true  principles  of  education. 
How  many  young  women  have  to 
mourn  over  health  permanently  in- 
jured, from  having  been  confided  to 
the  care  of  boarding-school  mistresses, 
whose  qualifications  for  the  proper  dis- 
charge of  their  duties  were  limited  to 
a  superficial  knowledge  of  French  and 
Italian,  with  drawing  and  music !  How 
many  sufferers  from  crooked  spines, 
weakened  stomachs,  and  shattered  ner- 
vous systems,  may  be  found  in  England 
as  examples  of  the  evils  which  result 
from  confiding  to  ignorant  hands  the 
education  of  the  young  ! 

It  may  be  remarked,  that  in  the  pre- 
ceding jjages  I  have  made  but  scanty 
allusion  to  the  doctrines  of  phreno- 
logy. My  reasons  are  simply,  that, 
for  the  object  I  had  in  view,  a  special 
reference  to  them  was  not  necessary, 
and  that,  in  a  work  written  fors  the 
general  reader  and  for  practical  pur- 
poses, I  was  naturally  anxious  to  avoid 
every  contested  point.  Accordingly, 
in  limiting  myself  to  the  statement  that 
different  parts  of  the  brain  perform 
different  functions,  without  minutely 


specifying  those  connected  with  any 
particular  part,  I  am  not  venturing 
beyond  what  most  eminent  anatomists 
and  physiologists,  in  the  past  or  pre- 
sent times,  have  taught  before  me.* 
My  own  opinions  on  the  subject  have 
been  long  before  the  public,  and  I  am 
bound  to  say  that  every  day's  expe- 
rience increases  my  conviction  of  the 
truth  of  phrenology,  and  deepens  my 
sense  of  its  practical  value.  Every 
real  improvement  made  in  education 
serves  to  bring  the  public  a  step  nearer 
a  just  appreciation  of  the  truth  of 
phrenology  and  its  extreme  importance 
to  the  parent  and  educator,  as  well  as 
to  the  physician  and  jihilosopher.  Phre- 
nology being  true,  every  real  improve- 
ment in  intellectual  teaching  and  in 
moral  training  must  rest  on  a  phreno- 
logical basis,  whether  that  basis  be  re- 
cognised or  not.  Hence,  some  of  the 
most  remarkable  advances  lately  made 
bj'  practical  and  reflecting  educators 
as  the  results  of  their  experience,  prove 
to  be  merely  excellent  illustrations  of 
principles  long  since  established  by  the 
phrenologists.  I  therefore  sjieak  ad- 
visedly when  I  repeat,  that  every  step 
made  in  advance  by  purely  practical 
men,  will  serve  to  render  the  truth  and 
merits  of  phrenology  more  plain  and 
acceptable  to  the  public  mind.  Al- 
ready hostile  prejudices  are  rapidly 
disappearing,  and  ere  many  years  they 
will  have  become  a  matter  of  history, 
and  phrenology  take  that  place  which, 
as  the  true  philosophy  of  mind  and  of 
man,  it  is  entitled  to  occupy.  The 
dislike  with  which  it  is  still  regarded 
by  many  intelligent  persons  who  re- 
main unacquainted  with  its  doctrines, 
arises  in  a  great  measure  from  its 
being  supposed  by  them  to  be  opposed 
to  all  their  previously  acquired  facts 
and  opinions.  Tliis,  however,  is  a 
great  and  pernicious  mistake ;  for 
whatever  is  true  in  human  nature  is 
also  true  in  phrenology;  and  conse- 
quently the  facts  gathered  from  life 
by  the  shrewd  observer  of  mankind 

*  The  early  education  of  the  particular 
mental  faculties  which  phrenology  ex- 
pounds, is,  however,  treated  of  in  my  work 
on  the  Management  of  Infancy,  chapters 
XV.  and  iTi. 
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are  either  identical,  or  in  absolute 
harmony,  with  the  facts  of  phrenology. 
The  chief  diflference  is,  that  while 
common  observation  leaves  its  results 
so  unconnected  and  confused  as  to 
have  but  little  practical  value,  phre- 
nology alfords  principles  of  arrange- 
ment by  which  its  facts  naturally  as- 
sume a  systematic  form,  and  become 
highly  available  for  use.* 


CHAPTER  XV. 

INFLUENCE  OF  THE  NERVOUS  SYSTEM 
UPON  THE  GENERAL  HEALTH. 

Having  now  examined  the  rela- 
tions subsisting  between  the  nervous 
system  and  the  functions  of  animal 
life,  and  shewn  how  far  the  health 
of  the  brain  depends  upon  the  well 
regulated  exercise  of  the  mental  facul- 
ties,  I  shall  next  advert  to  the  influ- 
ence of  the  nervous  system  upon  the 
general  health.  But  before  doing  so 
it  will  be  proper,  for  the  sake  of  greater 
clearness,  to  introduce  a  few  remarks 
on  the  nature  and  uses  of  the  ganglionic 
system  of  nerves,  as  distinguished  from 
those  of  the  cerebrospinal  system. 

The  ganglionic  nerves,  unlike  those 
of  p^nimal  life,  have  no  direct  connection 
with  the  brain,  medulla  oblongata,  or 
spinal  marrow,  but  arisefrom  a  number 
of  distinct  nervous  masses  or  ganglions 
of  a  round,  oval,  or  irregular  form, 
situated  in  the  neck,  chest,  and  abdo- 
men, in  front  of  the  vertebral  column, 
and  connected  with  each  other  by  small 
nervous  filaments.  They  constitute 
distinct  nervous  centres  which  preside 
over  the  organic  functions,  and  their 
principal  branches  are  accordingly 
distributed  to  the  heart  and  blood- 
vessels, the  lungs,  the  digestive  and 

«  See  a  pamphlet  by  the  Author,  en- 
titled "  Phrenology — its  Nature  and  Uses  : 
An  Address  to  the  Students  of  Anderson's 
University,  Glasgow,"  reprinted  from  the 
Phrenological  Journal,  vol.  xix.,  p.  97  : 
Also  his  "  Life  and  Correspondence,"  pas- 
sim,— Ed. 


abdominal  organs,  the  glands,  and 
other  jiarts  concerned  in  nutrition  and 
the  support  of  life.  Other  branches 
serve  to  connect  them  with  the  cerebro- 
spinal system,  and  to  a  certain  extent 
to  bring  them  under  its  influence. 

Even  the  mere  explanation  of  the 
names  by  which  the  two  jjortions  of 
the  nervous  system  are  designated, 
marks  out  sufficiently  for  our  present 
purpose  the  principal  points  of  differ- 
ence betwixt  them.  Thus  the  one  set 
of  nerves  is  called  the  cerebrO'Spinal, 
from  its  origin  in  the  brain  and  spinal 
marrow;  the  other  is  called  ganglionic, 
from  taking  its  rise  from  ganglions. 
The  one  is  called  the  animal  system, 
from  its  connection  with  functions  pe- 
culiar to  animals ;  the  other  is  called 
organic  or  vegetative,  from  its  presiding 
over  the  function  of  nutrition,  which 
is  common  to  both  animals  and  vege- 
tables. The  one  is  called  the  voluntary 
system,  from  its  general  subservience 
to  the  commands  of  the  will ;  the  other 
is  spoken  of  as  the  involuntary  system, 
because  its  action  cannot  be  modified 
by  the  will,  and  it  goes  on  whether  we 
will  or  not.  In  addition  to  all  these 
designations,  the  latter  is  also  frequent- 
ly termed  the  sympathetic  system  of 
nerves,  from  its  being  sujjposed  to  be 
the  medium  through  which  all  the  im- 
portant organs  of  the  body  atfect,  or 
sympathize  with,  each  other.  Objec- 
tions, however,  may  be  made  to  the  use 
of  any  of  these  terms,  as  drawing  de- 
finite lines  of  demarcation,  which,  ac- 
cording to  many  physiologists,  do  not 
in  reality  exist. 

But  although  the  will  has  no  direct 
power  over  the  nerves  of  organic  life, 
experience  shews  that  the  state  of  the 
mind  exercises  no  small  indirect  influ- 
ence over  them  and  the  organs  on 
which  they  are  ramified.  The  nu- 
merous connections  be  tween  the  cerebro- 
spinal and  ganglionic  systems  point  to 
this  inference;  and  we  have  demon- 
strative proof  of  the  fact  in  the  sudden 
quickening  of  the  action  of  the  heart 
on  a  joyful  surprise ;  in  the  excessive 
palpitations  excited  by  alarm  and 
anxiety ;  and  in  the  sickness  of  stomach, 
loathing,  and  faintness,  so  often  seen 
to  follow  violent  mental  emotion. 
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The  action  of  the  ganglionic  nerves, 
then,  is  entirely  involuntary,  and  in 
this  respect  ditfers  from  that  of  the 
cerebral  and  spinal  nerves.  By  means 
of  the  latter  we  can  at  pleasure  excite, 
direct,  or  arrest  the  motions  of  the 
ordinary  muscles.  But  we  have  no 
such  control  over  the  muscles  placed 
under  the  influence  of  the  ganglionic 
nerves.  The  heart,  for  instance,  con- 
tinues to  beat  whether  we  wish  it  or 
not,  and  its  action  goes  on  during 
sleep,  when  our  consciousness  is  buried 
in  oblivion,  with  the  same  regularity 
as  when  we  are  wide  awake.  In  some 
of  the  lower  animals  it  continues  to  beat 
for  hours  after  it  has  been  removed 
from  the  body ;  and  there  are  even 
instances  recorded  in  which  the  excised 
heart  of  a  fish  continued  to  beat  till 
it  actually  rustled  from  desiccation. 
This  continued  action  after  removal 
from  the  body,  is  most  readily  explain- 
ed by  supposing  that  the  ganglions 
which  lie  in  the  walls  of  the  heart 
yield  sufficient  nervous  energy  to 
produce  contraction.  In  like  man- 
ner, when  digestion  is  going  on,  the 
muscular  coat  of  the  stomach  and  in- 
testines contracts,  not  only  without 
the  will  being  able  to  prevent  or  ac- 
celerate it,  but  without  our  being  in 
the  least  conscious  of  either  its  con- 
traction or  relaxation  ;  and  on  opening 
the  body  of  a  decapitated  animal,  the 
peristaltic  movements  may  be  observed 
to  continue  for  a  considerable  time, 
thus  clearly  proving  that  they  do  not 
depend  on  cerebral  influence.  But 
many  physiologists  are  of  opinion  that 
the  spinal  cord  is  concerned  in  them  : 
for  instance,  experiments  on  frogs 
have  shewn  that  these  animals  continue 
to  digest  and  excrete  after  removal  of 
the  brain  and  spinal  cord  ;*  but  in  this 
case  the  excretions  accumulate  in  the 
bladder  and  intestinal  canal,  thus 
indicating  that  the  contractile  power 
of  the  bladder  and  intestines  is  at 
all  events  indirectly  connected  with 
the  cord.  This  is  farther  proved  by 
the  obstinate  constipation  of  the  bowels 
which  accompanies  paralysis  ax-ising 

«  Valentin's  Lehrbucb,  vol.  ii.,  part  Sd, 
p.  533. 
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from  disease  of  the  spinal  cord.  An 
additional  proof  of  the  intimate  con- 
nection which  subsists  between  the  in- 
testinal tract  and  the  spinal  cord  is 
seen  in  the  fact  that  when  the  mucous 
membrane  of  the  bowels  is  irritated, 
the  stimulus  is  frequently  transmitted 
to  the  cord,  and  is  then  reflected  on 
the  motor  nerves,  producing  convul- 
sions. Thus,  in  children,  where  the 
tendency  to  reflex  motions  is  stronger 
than  in  adults,  convulsions  are  fre- 
quently produced  by  the  presence  of 
worms  in  the  intestines.  This  ques- 
tion has  been  experimentally  eluci- 
dated by  Valentin.* 

In  the  healthy  state,  the  ganglionic 
nerves  also  differ  from  those  of  the 
cerebro-spinal  system  in  being  devoid 
of  sensation ;  and  hence  we  have  no 
consciousness  of  the  action  of  any  of 
the  organs  to  which  they  are  distri- 
buted. We  are  not  only  not  aware  of 
what  is  going  on  in  the  heart,  the  liver, 
the  stomach,  or  the  lungs,  but  we  have 
no  perception  even  of  their  existence, 
and  the  heart  itself  has  been  wounded 
without  any  consciousness  of  the  fact 
on  the  part  of  the  individual. 

A  few  moments'  reflection  will  suf- 
fice to  shew  the  blessings  which  this 
want  of  consciousness  confers  upon  us. 
Had  we  been  able  to  trace  the  passage 
of  our  food  along  the  alimentary  ca- 
nal, or  that  of  our  blood  along  the 
arteries  and  veins ;  or  had  the  move- 
ments of  the  heart  and  lungs  been 
evident  to  us,  our  attention  would 
have  been  closely  occupied  in  watch- 
ing these  phenomena,  and  our  fears 
roused  lest  any  derangement  should 
ensue.  Had  the  mucous  membranes, 
too,  been  endowed  with  sensitive 
nerves,  the  gift  would,  under  certain 
circumstances,  have  proved  most  dis- 
tressing. An  itching  sensation  of  the 
alimentary  canal  without  the  possi- 
bility of  rubbing  or  scratching  would 
have  been  insupportable. 

In  disease,  however,  when  the  gan- 
glionic nerves  become  morbidly  irrita- 
ble, sensations  of  a  disagreeable  kind 
are  apt  to  arise,  and  sometimes  of  such 

*  Valentin's  Lehrbucb,  vol.  ii.,  part  2d. 
p.  485. 
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a  nature  as  to  convey  to  the  mind  a 
dim  consciousness  of  the  existence  of 
the  affected  organ.  I  have  myself  ex- 
perienced something  of  this  kind  for 
several  weeks  in  an  unpleasant  con- 
sciousness of  the  different  action  of 
the  two  sides  of  the  heart. 

In  more  severe  disease  these  disa- 
greeable sensations  frequently,  but 
not  always,  become  acute  pain,  from 
the  derangement  of  the  organs  being 
made  known  to  the  brain,  through 
means  of  those  nervous  bi-anches 
which  form  tie  communication  be- 
tween the  ganglionic  and  the  cerebro- 
spinal systems.  Hence  pain  becomes 
the  monitor  of  morbid  action,  advis- 
ing us  that  the  condition  of  health  has 
ceased,  and  warning  us  to  take  steps 
to  remedy  the  evil.  Pain,  then,  is  but 
a  symptom  of  disease,  but  in  certain 
irritable  constitutions  it  is  liable  to 
become  so  intense  as  to  prove  the 
chief  source  of  danger,  from  the  de- 
pressing effect  it  exercises  upon  the 
vital  powers.  Hence  the  positive  ne- 
cessity for  having  recourse  in  such 
cases  to  narcotic  drugs  to  deaden  sen- 
sibility, and  hence  also  the  utility 
of  allowing  the  inhalation  of  the  va- 
pour of  chloroform  in  surgical  opera- 
tions, and  even  in  confinements.  The 
action  of  chloroform  is  first  apparent 
in  the  brain,  which  it  rendersincapable 
of  perceiving  the  sensations  produced 
in  the  automatic  system,  even  where 
consciousness  is  retained.  "When  its 
action  is  pushed  further,  and  the  func- 
tions of  the  brain  are  altogether  sus- 
pended, consciousness  is  destroyed. 
The  spinal  cord  and  ganglions,  how- 
ever, continue  to  act,  and  respiration, 
the  circulation  of  the  blood,  and  the 
action  of  tli^  womb,  are  not  interfered 
with  ;  because  the  lungs,  the  heart, 
and  the  womb,  act  independently  of 
the  brain.  But  an  over-dose  of  chlo- 
roform, or  of  any  narcotic  drug,  by 
extending  its  action  to  the  spinal  cord 
and  ganglions,  paralyses  them  like- 
wise, and  renders  them  incapable  of 
affording  the  requisite  supply  of  ner- 
vous energy.  In  such  cases  death  en- 
sues from  the  failure  of  the  nervous 
power. 

Extensive  disease  frequently  takes 


place  without  pain  giving  any  evi- 
dence of  its  existence.  This  happens 
most  commonly  when  the  disease  is 
situated  in  the  large  glands,  such  as 
the  liver  or  kidneys  :  and  hence,  the 
absence  of  pain  is  by  no  means  indi- 
cative of  the  absence  of  serious  in- 
jury. But  the  discussion  of  this 
topic  does  not  come  within  the  sphere 
of  the  present  work. 

As,  then,  the  fact  is  undeniable, 
that  both  the  animal  and  the  organic 
portions  of  the  nervous  system  exer- 
cise a  powerful  influence  on  the  action 
of  all  our  bodily  organs,  it  becomes  a 
matter  of  some  importance  to  ascer- 
tain in  what  manner  that  influence 
operates,  and  under  what  conditions  it 
may  be  rendered  beneficial  to  health, 
and  consequently  to  the  increase  of 
our  happiness.  The  subject  has  not  yet 
been  examined  with  all  the  care  which 
its  importance  requires,  but  a  general 
survey  of  it  will  give  the  reader  some 
idea  of  its  real  interest. 

The  nervous  energy  is  considered 
by  many  to  be  identical  with  electri- 
city ;  and  this  opinion  at  first  sight 
seems  countenanced  to  some  extent  by 
the  fact,  that  muscular  contraction  and 
other  results  arising  from  nervous  ac- 
tion can  be  jiroduced  also  by  means  of 
electricit}'.  But  in  reality  the  subject 
is  still  involved  in  great  obscurity,  and 
physiological  researches  must  be  great- 
ly extended  before  we  shall  be  able  to 
determine  positively  in  what  manner 
the  nervous  system  produces  its  effects 
on  the  living  functions,  or  what  is  the 
exact  nature  of  the  influence  which  it 
exerts.  There  can  be  no  doubt  that 
electricity  may  be  developed  in  the 
animal  body,  for  this  is  proved  indis- 
putably in  the  case  of  the  electric 
fishes ;  and  it  is  also  clear  that  tliis 
power  is  in  close  connection  with  the 
nervous  system.  Hunter  shewed  that 
the  most  characteristic  feature  of  the 
organisation  of  the  electric  battery  in 
the  torpedo  is  its  enormous  supply  of 
nervous  matter,  each  electric  nerve 
being  generally  as  thick  as  the  spinal 
cord  ;  and  Mr  Faraday  has  demon- 
strated by  experiments  on  the  gymno- 
tus,  long  preserved  at  the  Adelaide 
Gallery  in  London,  and  now  in  the 
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Polytechnic  Gallery,  the  identity  of  the 
imponderable  secretion  of  the  battery 
of  the  fish  with  electricity.  "  Needles," 
says  Professor  Owen,  who  was  present 
at  the  experiments,  "  were  converted 
into  magnets  ;  iodine  was  obtained  by 
polar  decomposition  of  iodide  of  potas- 
sium ;  and,  availing  himself  of  this 
test.  Professor  Faraday  shewed  that 
any  given  part  of  the  organ  is  nega- 
tive to   other  parts  before  it,  and 
positive  to  such  as  are  behind  it. 
Finally,  heat  was  evolved,  and  the 
electric  spark  obtained."    A  stimulus 
to  the  battery  is  necessary  for  the  dis- 
charge of  electricity,  precisely  as  a 
stimulus  to  the  muscles  is  necessary 
to  produce  contraction.    "  The  elec- 
tric, like  the  motory  nerves,"  says 
Professor  Owen,  "  rise  from  the  ante- 
rior myelonal*  tracts.  An  impression 
on  any  part  of  the  body  of  the  tor- 
pedo is  carried  by  the  sensory  nerves 
either  directly,  or  through  the  poste- 
rior myelonal  tracts,  to  the  brain,  ex- 
cites there  the  act  of  volition,  which 
is  conveyed  along  the  electric  nerves 
to  the  organs,  and  produces  the  shock : 
in  muscular  contraction,  the  impres- 
sion and  volition  take  the  same  course 
to  the  muscular  fibres.    If  the  electric 
nerves  are  divided  at  their  origin  from 
the  brain  the  course  of  the  stimulus  is 
interrupted,  and  no  irritant  to  the 
body  has  any  eflfect  on  the  electric 
organs  any  more  than  it  would  have 
under  the  like  circumstances  on  the 
muscles.    But  if  the  ends  of  the  nerves 
in  connection  with  the  organ  be  ir- 
ritated,   the  discharge  of  electricity 
takes  place,  just  as  irritating  the  end 
of  a  motor  nerve  in  connection  with 
muscles  would  induce  its  contraction. 
If  part  of  the  electric  nerves  be  left 
in  connection  with  the  brain,  the  sti- 
mulus  of  volition   cannot,  through 
these,  excite  the  discharge  of  the  whole 
organ,  but  only  of  that  part  of  the 
organ  to  which  the  undivided  nerves 
are  distributed.    So,  likewise,  the  ir- 
ritation of  the  end  of  a  divided  nerve 
in  connection  with  the  electric  appa- 
ratus, excites  the  discharge  of  only 
that  part  to  which  such  nerve  is  dis- 

•  From  fiuiXos,  myelos,  the  spinal  cord. 


tributed."*  There  exists,  then,  a 
close  analogy  between  the  electric  ac- 
tion and  muscular  contraction,  and 
this  analogy  is  further  seen  in  the  in- 
crease of  both  by  augmented  respira- 
tion and  circulation,  in  their  exhaus- 
tion by  exercise,  and  recovery  by 
repose.  This  close  relationship  is 
also  shewn  by  the  direct  action  of 
strychnia  on  the  nervous  centres  ;  its 
application  causing  simultaneous  con- 
vulsive contractions  of  the  muscles, 
and  a  rapid  succession  of  involuntary 
electric  discharges.  These  facts,  how- 
ever, are  far  from  proving  the  identity 
of  the  nervous  force  with  electricity, 
or  even  the  mutual  convertibility  of 
these  two  agents.  The  nervous  sti- 
mulus which  enters  the  electrical  or- 
gan acts  simply  as  an  exciter  of  che- 
mico-vital  changes,  the  result  of  which 
is  a  development  of  electricity.  When 
the  nervous  stimulus  enters  a  muscle, 
analogous  chemical  metamorphoses  are 
produced ;  but  the  result  of  these 
changes,  as  determined  by  the  organ  in 
which  they  take  place,  is  here  muscular 
contraction.  Hence,  whatever  excites 
chemical  changes  of  matter  in  any  organ 
calls  the  special  function  of  that  organ 
into  play  :  mechanical  irritation  of  a 
muscular  nerve  causes  the  muscle  to 
contract,  and  irritation  of  an  electri- 
cal nerve  gives  rise  to  a  shock  of  elec- 
tricity ;  but  in  neither  case  is  the  me- 
chanical irritation  identical  with,  or 
convertible  into,  muscular  contraction 
or  electrical  power — it  merely  excites 
changes,  the  result  of  which  is  the  pro- 
duction of  these  phenomena.  A  care- 
ful consideration  of  the  details  above 
mentioned  will  shew  that  there  is  no- 
thing more  wonderful  in  a  sudden 
shock  of  electricity  proceeding  from 
an  animal,  than  a  sudden  muscular 
contraction.  Both  powers  are  latent 
till  the  requisite  nervous  stimulus  is 
applied,  when  a  development  of  force 
takes  place  in  each,  according  to  pre- 
cisely analogous  laws,  the  degree  of 
force  depending  on  the  amount  of  the 
stimulus  and  the  condition  of  the  ge- 

«  Owen's  Lectures  on  the  Comp.  Anat. 
of  the  Vertebrate  Animals,  p.  21C. 
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nerating  organ.  It  would  not,  how- 
ever, be  in  accordance  with  the  inten- 
tion of  the  present  work  to  pursue 
this  subject  farther;  and  I  shall,  there- 
fore, instead  of  attempting  to  use 
language  apparently  exact  and  scienti- 
fic, but  in  reality  still  indeterminate 
and  apt  to  mislead,  adopt  the  popular 
form  of  expression,  and  speak  of  the 
nervous  energy  as  if  it  were  known  to 
be,  what  many  suppose,  a  fluid  or  in- 
fluence of  a  peculiar  nature,  conveyed 
from  the  brain  towards  all  parts  of 
the  body  by  means  of  the  nerves,  as 
blood  is  from  the  heart  by  means  of 
the  blood-vessels.  For  aJl  practical 
pui-poses,  this  language  will  be  more 
generally  intelligible  than  any  other  ; 
and  all  risk  of  error  may  be  avoided 
if  the  reader  will  bear  in  mind,  that, 
in  using  it,  I  do  not  profess  to  explain 
either  what  the  nervous  energy  really 
is,  what  conditions  are  indispensable 
for  its  production,  or  in  what  precise 
way  it  produces  the  results  which  are 
observed  to  follow  its  action.  All 
tliat  is  essential  for  our  purpose  is  to 
be  aware,  first,  that  an  active  in- 
fluence of  some  kind  is  brought  into 
operation  by  the  nervous  system,  and, 
secondly,  tliat  the  effects  produced 
by  it  upon  the  different  organs  and 
functions  of  the  body  vary  according 
to  the  m9de  in  which,  and  extent  to 
which,  that  influence  is  exerted.  Both 
of  these  points  may  be  examined  and 
turned  to  practical  account,  whatever 
theory  be  adopted  to  explain  them. 

All,  then,  that  need  be  said  here  of 
the  nature  of  the  nervous  energy  is, 
that  it  is  an  influence  of  a  peculiar 
kind,  originating  in  and  conveyed  by 
nervous  matter,  and  that,  like  the 
blood,  it  is  essential  to  the  vital  action 
of  every  animal  organ.  "When  I  move 
the  hand  in  writing,  the  muscles  of 
the  arm  are  called  into  play  by  an  in- 
fluence transmitted  to  them  from  the 
brain  by  means  of  the  nerves.  This 
stimulus  is  so  indispensable,  that,  if 
the  communication  between  the  brain 
and  the  muscles  be  cut  off  by  dividing 
or  tying  the  nerve,  no  effort  of  the 
mind  will  longer  suffice  to  excite  them 
to  action .  In  like  manner,  if  the  nerves 
of  the  stomach  be  cut  through,  so  as  to 


interrupt  the  flow  of  nervous  influence, 
digestion  will  cease,  or,  at  all  events, 
be  greatly  interfered  with,  although 
in  every  other  respect  the  stomach  re- 
main uninjured. 

Changes  in  the  quality  or  amount 
of  the  nervous  influence  transmitted 
from  the  brain  to  any  organ  have  thus 
a  direct  power  of  modifying  its  func- 
tion. If,  for  example,  fi'om  the  peculiar 
state  of  the  brain  accompanying  mental 
distress,  the  nervous  influence  sent 
to  the  stomach  be  impaired,  the  tone 
of  that  organ  will  also  be  impaired,  and 
digestion  become  imperfect;  whereas 
if,  in  consequence  of  pleasing  excite- 
ment, the  nervous  stimulus  be  in- 
creased or  improved,  a  corresponding 
activity  will  be  communicated  to  the 
stomach,  and  digestion  will  be  facili- 
tated, as  is  experienced  after  a  dinner 
in  pleasant  society. 

.Something  analogous  to  this  is  still 
more  visibly  exhibited  in  the  case  of 
the  muscles.  If  the  mind  be  active 
and  decided,  the  muscles,  receiving  a 
strong  stimulus,  move  with  readiness 
and  force  ;  but  if  the  cerebral  activity 
be  impaired  by  bilious  depression,  mus- 
cular action  becomes  slow,  infirm,  and 
indolent.  Accordingly,  muscular  de- 
bility is  one  of  the  first  .symptoms  of 
many  of  the  diseases  of  the  brain  and 
spinal  cord.  The  patient  complains  of 
want  of  tone  in  the  muscles,  of  being 
easily  tired,  and  of  being  obliged  to 
rest  frequently.  More  decided  sj-mp- 
toms  of  weakened  muscular  power 
soon  follow  ;  there  is  hesitation  of 
speech,  the  tongue  acquires  a  tremu- 
lous motion,  and  other  symptoms  of 
paralysis  gradually  develope  them- 
selves in  consequence  of  the  lessening 
flow  of  a  healthy  stimulus  from  the 
nervous  system.  But  if,  on  the  other 
hand,  the  brain  bo  excited  by  strong 
passion,  and  the  stimulus  be  thus  aug- 
mented, the  muscular  movements  be- 
come energetic  and  decided,  and  are 
sometimes  performed  with  a  force  that 
is  truly  surprising. 

As  the  kind  of  nervous  influence  de- 
pends on  the  condition  of  the  brain, 
that  Avhich  springs  from  a  brain  of 
which  all  the  parts  are  in  sound  and 
vigorous  action  is  the  most  salubrious. 
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Mental  indolence  and  high  mental  ex- 
citement are  alike  inimical  to  bodily 
health ;  and  consequently  our  great 
aim  should  be  to  secure  for  every 
mental  power,  moral  as  well  as  intel- 
lectual, that  equal  and  regular  exer- 
cise from  which  alone  the  proper  ner- 
vous stimulus  can  spring. 

It  is  indeed  interesting  to  observe 
the  effects  of  the  nervous  influence,  as 
varied  according  to  the  faculties  in 
predominant  action  at  the  time  it  is 
produced.  If  the  higher  feelings  have 
the  ascendency,  and  the  more  selfish 
propensities  be  merely  active  enough 
to  give  force  to  the  character,  without 
setting  the  mind  at  war  with  itself, 
the  nervous  influence  is  the  most  grate- 
ful and  efficient  which  can  be  imagined 
for  sustaining  the  healthy  co-operation 
of  the  whole  body.  This  result  fol- 
lows, because  the  Creator  evidently 
designed  such  a  state  of  mind  to  be 
the  best  and  happiest  for  man  himself, 
and  has  therefore  taken  care  to  sur- 
round him  with  every  motive  to.  in- 
duce him  to  enter  into  it. 

If,  however,  the  lower  feelings  be 
in  great  activitj-,  and  impel  to  de- 
signs and  conduct  repulsive  to  the 
moral  sentiments,  so  that  the  facul- 
ties are  ranked  in  opposition  to  each 
other — or  if  the  mind  be  oppressed 
with  grief,  anxiety,  or  remorse — the 
stimulus  which  the  brain  gives  will 
be  far  from  beneficial,  because  no 
longer  in  accordance  with  the  condi- 
tions designed  by  the  Creator.  It  is 
in  such  circumstances,  accordingly, 
that  bad  health  is  so  often  seen  to  arise 
from  the  state  of  the  mind,  and  that 
suffering  is  produced  which  no  art 
can  relieve  till  the  primary  cause  has 
ceased  to  exist. 

Similar  results  follow  over-exercise 
of  the  intellect  and  inactivity  of  the 
feelings.  From  the  concentration  of  vi- 
tal action  in  the  brain,  the  stomacli  and 
other  organs  are  unprovided  with  the 
requisite  nervous  stimulus,  and  become 
impaired  in  their  functions;  and  hence 
the  dyspeptic  and  hypochondriacal 
symptoms  which  so  often  render  life 
a  burden  to  literary  men.  Persons  so 
situated,  when  advised  to  attend  to 
diet,  often  answer  that  it  is  in  vain, 


and  that,  while  at  some  times  nothing 
can  be  digested,  at  otlier  times,  per- 
haps within  a  few  hours  or  days, 
nothing  comes  amiss — the  power  of 
digestion  varying  thus  quickly  ac- 
cording to  their  mental  condition. 
Whereas,  when  indigestion  arises  from 
a  primary  affection  of  the  stomach, 
the  least  deviation  in  the  way  of  in- 
dulgence proves  injurious.  In  both  in- 
stances, attention  to  diet  is  beneficial ; 
but  in  the  one  it  is  less  rigidly  im- 
portant than  in  the  other.* 

The  influence  of  the  brain  on  the 
digestive  organs  is  so  direct,  that  sick- 
ness and  vomiting  are  among  the  ear- 
liest symptoms  of  many  affections  of 
the  head,  and  of  wounds  and  injuries 
of  the  brain  ;  while  violent  emotions, 
intense  grief,  or  sudden  bad  news, 
sometimes  arrest  at  once  the  process 
of  digestion,  and  produce  squeamisli- 
ness  or  loathing  of  food,  although,  an 
instant  before,  the  appetite  was  keen. 
Narcotics,  the  direct  action  of  which 
is  on  the  brain,  have  a  similar  effect 
on  the  stomach. 

The  influence  of  the  mind  and  brain 
over  the  action  of  the  heart  and  lungs 
is  familiar  to  every  one.  The  sighing, 
palpitation,  and  fainting,  so  often  wit- 
nessed as  consequences  of  emotions  of 
the  mind,  are  evidences  which  nobody 
can  resist.  Death  itself  is  not  a  rare 
result  of  such  excitement  in  delicately 
organized  persons.f  During  sleep, 
when  the  action  of  tlie  brain  is  sus- 
pended, the  animal  heat  shews  a  ten- 
dency to  decline,  and  the  body  be- 

•  See  my  Treatise  on  Digestion  and  Diet, 
chap.  xi. 

+  "  It  not  only  appears  that  a  simple 
withdrawal  or  disturbance  of  the  nervous 
force  supplied  to  particular  orgfins  occa- 
sions a  retardation  or  perversion  of  their 
vital  operations  ;  but  there  also  seems  evi- 
dence that  an  influence  of  an  opposite  kind 
may  be  transmitted  through  the  nervous 
system,  which  is  positively  and  directly  an- 
tagonistic to  the  vital  powers  of  the  several 
tissues  and  organs  ; — such,  at  least,  appears 
to  be  the  only  mode  of  accounting  for  the 
extraordinary  effect  of  a  shock,  mechanical 
or  mental,  in  at  once  and  completely  de- 
stroying the  contractility  of  the  heart, 
&c."— Dr  Carpenter  in  Phil.  Trans.,  1850, 
p.  740. 
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comes  more  liable  to  be  influenced  by 
the  causes  of  disease.  Chossat's  expe- 
riments have  shewn  that  this  depends 
on  the  chemical  metamorphoses  which 
produce  the  animal  heat  being  lessen- 
ed during  sleej),  owing  to  the  with- 
drawal of  the  cerebral  stimulus.  W'c 
have  already  seen  that,  in  accordance 
with  these  observations,  the  attacks  of 
epidemics  occur  most  frequently  dur- 
ing the  night.* 

By  the  laws  which  govern  our  con- 
stitution, therefore,  the  regulated  ac- 
tivity of  both  intellect  and  feeling  is 
made  essential  to  sound  bodily  health; 
and  this  seems  to  me  one  of  the  most 
beautiful  arrangements  of  an  all-wise 
and  beneficent  Creator. 

If  we  shun  the  society  of  our  fellow- 
creatures,  and  shrink  from  taking  a 
share  in  the  active  duties  of  life,  men- 
tal indolence  and  phj'sical  debility  be- 
set our  path.  But  if,  by  engaging  in 
practical  business,  and  doing  what  we 
can  for  the  advancement  of  society, 
we  duly  exercise  our  various  powers 
of  perception,  thought,  and  feeling,  we 
promote  the  health  of  the  whole  cor- 
poreal system,  invigorate  the  mind 
itself,  and  at  the  same  time  experience 
the  highest  mental  gratification  of 
which  a  human  being  is  susceptible, — 
that  of  having  fulfilled  the  object  of 
our  existence,  in  the  active  discharge 
of  our  duties  to  God,  to  our  fellow- 
men,  and  to  ourselves.  If  we  neglect 
the  exercise  of  our  faculties,  or  with- 
draw them  from  their  objects,  we 
weaken  the  organism,  give  rise  to 
distressing  diseases,  and  at  the  same 
time  experience  the  bitterest  feelings 
that  can  afflict  human  nature — ennui 
and  melancholy.  The  harmony  thus 
shewn  to  exist  between  the  moral 
and  physical  worlds,  is  but  another 
example  of  the  numerous  inducements 
to  that  right  conduct  and  activity,  in 
pursuing  which  the  Creator  has  evi- 
dently destined  us  to  find  terrestrial 
happiness. 

The  reader  will  now  understand  why 
the  state  of  the  mind  is  so  influential 
in  the  pi'oduction  and  progress  of  ilis- 
ease.    In  the  army  this  principle  has 

*  See  page  171. 


often  been  exemplified  in  a  very  strik- 
ing manner,  and  on  so  large  a  scale  as 
to  put  its  influence  beyond  a  doubt. 
Sir  George  Ballingall  mentions  in  his 
Lectures  on  ISfilitary  Surgery,  that  the 
proportio.n  of  sick  in  garrison  in  a 
healthy  country,  and  under  favourable 
circumstances,  is  about  five  per  cent.; 
but  that,  during  a  campaign,  the  usual 
aver.age  is  nearer  ten  per  cent.  So 
marked,  however,  are  the  preservative 
effects  of  clieerfulness  and  the  excite- 
ment of  success,  that,  according  to 
Vaidy,  the  French  army  cantoned  in 
Bavaria  after  the  battle  of  Austerlitz 
had  only  100  sick  in  a  division  of  8000 
men,  being  little  more  than  one  in  the 
hundred.  In  like  manner,  an  extra- 
ordinary degree  of  health  prevailed  in 
the  British  fleet  in  the  West  Indies  in 
April  1782,  evidently  in  consequence 
of  the  brilliant  and  decisive  victory 
achieved  by  Lord  Rodney  over  the 
French  fleet  on  the  12th  of  that  month. 
Sir  Gilbert  Blane,  who  was  present  on 
the  occasion,  ascribes  the  fact  chiefly 
to  this  cause,  and  remarks  "  of  what 
importance  it  is  in  point  of  health  to 
support  the  spirits  of  men ;  depression 
of  mind  not  only  damping  their  cou- 
rage, but  being  favourable  to  the  in- 
vasion of  disease  in  every  form.  There 
is,"  he  adds,  "  perhaps  no  disease 
which  low  spirits  are  so  apt  to  pro- 
duce as  the  sea-scurvy :  it  is  import- 
ant, therefore,  to  encourage  such  in- 
nocent and  salutar}'  recreations  as 
music  and  dancing.'"*  Dr  Rush  ad- 
duces another  striking  illustration 
from  the  history  of  the  American  War 
of  Independence,  f  The  Philadelphia 
militia,"  says  he,  "  who  joined  the  re- 
mains of  "General  Washington's  army 
in  December  1776,  and  shared  with 
them  a  few  days  afterwards  in  the 
capture  of  a  large  body  of  Hessians  at 

Select  Dissertations  on  Several  Subjects  ' 
of  Medical  Science,  by  Sir  Gilbert  I31;me,  ' 
Bart.,  Physician  to  the  King,  p.  79.  London,  ! 
1822. — He  refers  in  a  note  to  "  a  like  ex-  | 
ample  of  the  happy  effect  of  an  exalted  st.ite  ' 
of  mind  in  sustaining  hardship  and  fatigue,  | 
in  the  army  of  India  while  crossing  the 
desert  in  their  route  to  Egypt  in  the  ye:ir 
1801,"  recorded  by  Sir  James  Macgrigor  in  ' 
his  Medical  Sketches.  i 
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Trenton,  consisted  of  loOO  men,  most 
of  whom  had  been  accustomed  to  the 
habits  of  a  cLty  life.  These  men  slept 
in  tents  and  barns,  and  sometimes  in 
the  open  air,  during  the  usual  colds 
of  December  and  January ;  and  yet 
there  were  only  two  instances  of  sick- 
ness, and  only  one  of  death,  in  that 
bod  y  of  men  in  the  course  of  near  six 
weeks,  in  those  winter  months.  This 
extraordinary  healthiness  of  so  great 
a  number  of  inon  under  such  trj-ing 
circumstances,  can  only  be  ascribed  to 
the  vigour  infused  into  the  human  body 
by  the  victory  of  Trenton  having  pro- 
duced insensibility  to  all  the  usual  re- 
mote causes  of  diseases.'"* 

When,  on  the  other  hand,  an  army 
is  subjected  to  privations,  or  "  is  dis- 
couraged by  defeat  or  want  of  confi- 
dence in  its  chiefs,"  the  proportion  of 
sick  is  '•'  often  fearfullu  increased." ■f 
For  instance,  in  the  disastrous  Wal- 
cheren  expedition  of  1809,  this  con- 
curred with  other  causes  in  producing 
a  frightful  amount  of  disease  and  mor- 
tality. 

The  same  principle  explains  why  it 
is  so  important  for  the  physician  to 
carry  the  feelings  of  the  patient  along 
with  liim  in  his  curative  measures.  It 
is  well  known,  for  example,  that  those 
who  live  in  constant  apprehension  of 
fever,  cholera,  or  any  other  ailment, 
arc  generally  among  its  first  victims 
when  exposed  to  its  causes.  The  reason 
is  obvious.  Tlie  depressing  nervous 
influence  resulting  from  the  painful 
activity  of  the  selfish  feelings,  affects 
all  the  organs  of  the  body,  and  places 
them  on  the  brink  of  disease,  even  be- 
fore any  external  cause  is  in  operation  ; 
and  hence  the  easy  inroad  which  the 
latter  makes  when  it  comes  into  play. 

The  influence  of  the  state  of  -the 

Medical  Inquiries  and  Observations,  by 
Benjamin  Rush,  M.D.,  vol.  i.,  p.  219,  ed. 
1789.— la  the  same  volume  Dr  Rush  gives 
'*  The  Result  of  Observations  made  upon  the 
Diseases  which  occurred  in  the  Military 
Hospitals  <if  the  United  States  during  the 
late  AVar,"  and  states,  among  other  facts, 
that  "  those  officers  who  wore  flannel  shirts 
or  waistcoats  next  to  then-  skhis,  in  general 
escaped  fevers  and  diseases  of  all  kinds." 

+  Medico-Chh-urgical  Review,  No.  xxxn., 
p.  430. 
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mind  on  health  is  well  exemplified  in 
recruits  for  the  army.  i\ccordiug  to 
Dr  Henry  Marshall,  regret  for  having 
enlisted,  and  separation  from  friends, 
make  them  brood  over  the  inconveni- 
ences attending  their  new  mode  of  life, 
and  their  health  suffers  in  consequence. 
These  causes,  combined  with  thefatigue 
of  drill  and  the  restraints  of  discipline, 
have  so  much  influence,  that  "  growing 
lads  "  frequently  fall  victims  to  them. 
The  recruit,  if  not  very  robust,  "  loses 
that  active  fortitude  which  is  required 
to  fit  him  to  bear  up  against  difficiUties, 
and  falls  into  a  gloomy  state  of  mind, 
that  is  soon  followed  by  deteriorated 
bodily  healtli ;  he  loses  his  appetite, 
becomes  emaciated,  a  slight  cough  su- 
pervenes, and,  after  frequent  admis- 
sion into  hospital,  he  at  last  dies  of 
diseased  lungs.  This  is  an  outline  of 
the  history  of  many  a  young  lad  who 
enlists  in  the  army.''"*  In  France, 
where  the  conscription  is  compulsory, 
and  many  are  of  course  serving  against 
their  will,  the  agency  of  depression  of 
mind  is  still  more  marked  and  fatal. 
In  the  seven  years  extending  from 
1820  to  1826,  both  inclusive,  it  appears 
from  the  returns  that  the  French  army 
lost  ninety-seven  men  from  pure  nos- 
talgia, or  home-sickness,  an  affection 
which  is  rarely  fatal  in  this  country. 

So  efficacious,  on  the  other  hand,  is 
a  more  cheerful  state  of  mind,  from 
the  more  healthful  nervous  influence 
which  it  diffuses  through  the  fi-ame, 
that  surprising  recoveries  occasionally 
happen,  which  can  be  ascribed  to  no 
other  cause  than  this.  A  singular  and 
instructive  instance  fell  under  the  ob- 
servation of  Sir  Humphry  Davy,  when, 
early  in  life,  he  was  assisting  Dr  Bed- 
does  in  experiments  on  the  inhalation 
of  nitrous  oxide.  Dr  Beddoes  having 
inferred  that  the  oxide  must  be  a  spe- 
cific for  palsy,  a  jjatient  was  selected 
for  trial,  and  placed  under  the  care  of 
Davy.  Previously  to  administering  the 
gas,  Davy  inserted  a  small  thermome- 
ter under  the  tongue  of  the  patient  to 
ascertain  the  temperature.  Tlie  para- 
lytic man,  wholly  ignorant  of  the  pro- 
cess to  which  he  was  to  submit,  but 

*  Marsliall  on  tlio  Enlisting  and  Dis- 
charging of  Soldiers,  p.  5. 
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deeply  impressed  by  Dr  Beddoes  with 
the  certainty  of  its  success,  no  sooner 
felt  the  thermometer  between  his  teeth 
than  he  concluded  the  talisman  was  in 
operation,  and,  in  a  burst  of  enthu- 
siasm declared  that  he  already  experi- 
enced the  eifects  of  its  benign  influ- 
ence throughout  his  whole  body.  The 
opportunity  was  too  tempting  to  be 
lost.  Davy  did  nothing  more,  but  de- 
sired his  patient  to  return  on  the  fol- 
lowing day.  The  same  ceremony  was 
repeated ;  the  same  result  followed  ; 
and  at  the  end  of  a  fortnight  he  was 
dismissed  cured, — no  remedy  of  any 
kind  except  the  thermometer  having 
ever  been  used.*  Quacks  profit  largely 
by  taking  advantage  of  this  principle 
of  our  nature  :  and  regular  practi- 
tioners would  do  well  to  bestow  more 
pains  than  they  do  in  assisting  their 
treatment  by  well-directed  moral  influ- 
ence. Baglivi  was  deeply  impressed 
with  this  opinion  when  he  said,  "  I 
can  scarcely  express  how  much  the 
conversation  of  the  physician  influ- 
ences even  the  life  of  his  patient,  and 
modifies  his  complaints  ;  for  a  physi- 
cian powerful  in  speech,  and  skilled 
in  addressing  the  feelings  of  a  patient, 
adds  so  much  to  the  power  of  his  re- 
m.edies,  and  excites  so  much  confidence 
in  his  treatment,  as  frequently  to  over- 
come dangerous  diseases  with  very 
feeble  remedies,  which  more  learned 
doctors,  languid  and  indiflferent  in 
speech,  could  not  have  cured  with  the 
best  remedies  that  man  could  produce." 
Dr  Rush  also  insists  strongly  on  the 
utility  of  inspiring  hope,  and  states 
that  he  frequently  prescribed  reme- 
dies of  doubtful  efBcacy  in  the  critical 
stage  of  acute  diseases,  "  but  never 
till  I  had  worked  up  my  patients  into 
a  confidence,  bordering  upon  certain- 
ty, of  their  probable  good  eflfects. 
The  success  of  this  measure  has  much 
oftener  answered  than  disa2)poiuted 
my  expectations."! 

Another  remarkable  instance  oc- 
curred during  the  siege  of  Breda  in 
1625.  When  the  garrison  was  on  the 
point  of  surrendering  from  the  ravages 

•  Paris's  Life  of  Davy,  p.  r,\. 
t  Observations  on  the  Duties  of  a  Phy- 
sician, op.  cit.  i.  250. 


of  scurvy,  a  few  vials  of  sham  me- 
dicine introduced  by  the  Prince  of 
Orange's  orders,  as  the  most  valuable 
and  infallible  specific,  and  given  in 
drops  as  such,  produced  astonishing 
eff"ects :  "  Such  as  had  not  moved  their 
limbs  for  months  before,  were  seen  walk- 
ing in  the  streets,  sound,  straight,  and 
whole ;  and  many  who  declared  they 
had  been  rendered  worse  by  all  former 
remedies,  recovered  in  a  few  days,  to  ' 
their  inexpressible  joy.'"* 

Every  one,  indeed,  who  has  either 
attended  invalids,  or  been  an  invalid 
himself,  must  often  have  remarked, 
that  the  visit  of  a  kind  and  intelligent 
friend  is  highly  useful  in  dispelling 
uneasy  sensations,  and  in  promoting 
recovery  by  increased  cheerfulness  and 
hope.  The  true  reason  of  this  is  simply 
that  such  intercourse  interests  the  feel- 
ings, and  affords  an  agreeable  stimu- 
lus to  several  of  the  largest  organs  of 
the  brain,  conducing  thus  to  the  dif- 
fusion of  a  healthier  and  more  abun- 
dant nervous  enei'gy  over  the  whole 
system.  The  extent  of  good  which  a 
man  of  kindly  feelings,  sound  sense, 
information,  and  a  ready  command  of 
language,  may  do  in  this  way,  is  much 
beyond  what  is  generally  believed; 
and  if  this  holds  in  debility  arising 
from  general  causes,  in  which  the  ner- 
vous system  is  affected  not  exclusively 
but  only  as  a  part  of  the  body,  it  must 
hold  infinitely  more  in  nervous  de- 
bility and  in  nervous  disease ;  for  then 
the  moral  management  is  truly  the 
medical  remedy,  and  differs  from  the 
latter  only  in  this,  that  its  administra- 
tion depends  on  the  physician,  and  not 
on  the  apothecary, — on  the  friend,  and 
not  on  the  callous  attendant. f 

In  his  excellent  little  treatise  on 
Physical  Education, Dr  Caldwell  justly 
remarks  that  the  influence  of  a  regu- 
lated and  well-balanced  activity  in  the 
moral  and  intellectual  faculties  on  the  I 
general  health,  compared  with  that  of 

*  F.  V.  Mye,  De  Morbis  et  Symptom-  ! 
iitibus,  &c.,  quoted  by  Dr  Johnson  in  his 
treatise  on  Derangements  of  the  Liver,  &c., 
p.  20G. 

t  On  the  subject  of  this  paragraph,  sec 
the  Author's  Life  and  Correspondence,  p. 
410.— Ed.  i 
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active  and  boisterous  passions,  is  like 
the  salutary  ellect  of  mild  and  whole- 
some nourishment  contrasted  with  the 
fiery  potency,  of  alcohol.  The  former 
is  eminently  conducive  to  life,  health, 
and  enjoyment,  while  the  latter  is  as 
eminently  opposed  to  them  all.  Of 
this  truth  Dr  Caldwell  gives  an  inter- 
esting example  from  the  history  of  his 
own  country.  Of  the  fifty-six  dele- 
gates who  signed  the  Declaration  of 
Independence,  almost  all  were  men  of 
well-regulated  and  active  minds,  not 
marked  by  any  excess  of  passion.  Two 
of  them  died  early  from  accidents. 
The  aggregate  years  of  the  remaining 
fifty-foui'  were  3609,  giving  to  each 
an  average  of  sixty-six  years  and  nine 
months ;  thus  affording  a  striking  evi- 
dence of  the  salutary  influence  of  the 
mind  on  health.  From  the  same  ab- 
sence of  active  passion  in  mathemati- 
cians, the  average  duration  of  life  in 
twenty  of  them,  taken  promiscuously 
by  Dr  Caldwell,  extended  to  seventy- 
five  years,  while,  in  an  equal  number 
of  poets,  whose  vocation  greatly  de- 
pends on  excitability  of  feeling,  the 
average  was  so  low  as  fifty-seven.* 

The  powerfully  stimulating  effect  of 
heal  thy  mental  excitement  on  the  bodily 
functions,  is  familiar  to  every  one,  and 
is  duly  noticed  in  the  works  of  the 
novelist  and  poet.  In  nine  cases  out 
of  ten,  a  visit  to  a  watering  place,  or  a 
journey  through  an  interesting  coun- 
try,  does  more  good  by  the  beneficial 
excitement  which  it  gives  to  the  mind 
and  brain,  than  by  all  the  other  cir- 
cumstances put  together.  It  is  indeed 
greatly  to  the  credit  of  the  medical 
departments  of  both  army  and  navy, 
that  the  influence  of  the  mind  in  pre- 
serving and  restoring  health  is  more 
correctly  appreciated  and  provided 
for  than  it  is  even  in  private  practice. 
In  the  expeditions  of  Ross,  Parry, 
and  others,  to  the  Northern  Regions, 
the  utmost  attention  was  bestowed 
by  the  enlightened  commanders  to 
keep  up  a  healthy  vivacity  of  intel- 
lect and  feeling  among  their  men,  by 
constant  occupation,  intellectual  in- 

»  Caldwell  on  Physical  Education,  p. 
84-6. 
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struction,  the  representation  of  plays, 
masquerades,  and  other  amusing  and 
exciting  exertions  ;  and  there  cannot 
be  a  doubt,  that  the  remarkable  im- 
munity of  the  sailors  from  disease  was 
in  no  small  degree  owing  to  these  ad- 
mirable arrangements.  From  this  may 
be  seen  the  immense  importance  which 
attaches  to  the  selection  of  a  humane 
and  considerate,  as  well  as  scientific 
commander. 

In  the  second  volume  of  Captain 
Basil  Hall's  first  series  of  Fragments 
of  Voyages  and  Travels,  the  reader  will 
find  a  chapter  on  "  the  effects  of  being 
tvell  commanded,"  which  illustrates, 
very  amusingly,  many  of  the  princi- 
ples explained  in  the  preceding  pages. 
"  People,"'  says  he,  "  who  have  no 
acquaintance  with  the  intricacies  of 
naval  discipline,  can  scarcely  compre- 
hend how  vast  a  difference  is  made  in 
the  efficiency  of  a  man-of-war,  by  the 
character  of  the  commander."  "  Early 
in  the  year  1805,  we  were  made  abun- 
dantly sensible  of  the  truth  of  this  re- 
mark, by  an  important  change  which 
took  place  in  the  highest  office  on 
board.  From  a  state  of  languid  in- 
efficiency, we  started  in  a  single  mo- 
ment into  the  most  vigorous  activity, 
and  fi'om  being  almost  the  laughing- 
stock of  the  neet,  for  the  clumsi- 
ness of  our  gait,  and  the  want  of 
success  which  attended  our  cumbrous 
exertions,  we  soon  outstripped  them 
all,  not  only  in  activity,  but  in  the 
useful  result  of  our  services." — (P.  2.) 

The  new  captain  was  a  man  who 
knew  his  profession,  and  possessed  that 
decision  of  character  which  makes  its 
weight  instinctively  felt.  Between 
certain  disgrace  and  punishment  to 
offenders,  and  "  high  favour  to  those 
who  took  paijis  to  do  right,  the  ship 
was  speedily  brought  into  proper  trim. 
Every  thing  now  seemed  alive,  and 
moved  smartly ;  no  time  ran  to  waste ; 
even  the  indolent  and  the  ill-disposed 
found  their  best  interest  in  working 
well.  The  decks  became  cleaner  than 
they  had  ever  been  before ;  the  people 
dressed  themselves  more  tidily ;  the 
sails  looked  better  furled ;  the  yards 
better  squared  j  the  complaints  of  in- 
attention and  drunkenness  grew  daily 
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less  frequent,  and  an  air  of  general  hap- 
piness, as  well  as  new-born  energy, 
spread  itself  over  the  luhole  ship.''' — "  So 
magical  indeed  was  the  effect  of  this 
change,  that  I  dare  swear  we  should 
then  have  engaged  and  beaten  an 
enemy  whom  it  might  not  have  been 
considered  by  any  means  prudent  to 
have  brought  to  action  a  week  before." 
—(P.  17.) 

Captain  Hall  gives  other  examples 
of  the  same  principle,  and  remarks 
that,  in  this  way,  the  simple  fact  of 
Nelson  joining  the  fleet  off  Trafalgar, 
was  almost  equivalent  to  double  man- 
ning every  ship  in  the  line.  The  ex- 
planation which  he  gives  of  the  "  my- 
sterious agency"  by  which  the  genius 
of  a  commanding  officer  imparts  a 
portion  of  its  spirit  to  every  one  under 
his  orders,  is  perfectly  philosophical. 

"  When  a  person  of  talents  is  placed 
under  an  able  commander,  he  feels 
confident  that  nothing  he  does  will  be 
passed  without  notice,  and  consequent- 
ly that  his  exertions  must  tell  to  his 
advantage,  exactly  in  proportion  as 
their  utility  makes  itself  felt.  This 
consciousness  will,  of  course,  stimulate 
him  to  fresh  endeavours  to  excel ;  and, 
from  thus  feeling  sure  that  his  conduct 
is  duly  appreciated,  he  has  an  immedi- 
ate motive  to  bring  his  whole  strength 
into  play, — an  exercise  which  must 
ever  produce  good  results." 

But  "suppose  the  case  differently 
put,  and  let  the  superior  in  station  be 
the  inferior  in  abilities  or  experience, 
or  not  so  zealous  in  the  execution  of 
his  duty  as  the  men  he  commands. 
The  situation  of  the  inferior  is  now  far 
from  being  so  independent,  or  so  well 
calculated  to  draw  forth  his  powers, 
as  it  was  in  the  first  case.  The  sub- 
ordinate officer  has  no  longer  the  same 
animated  stimulus  to  exertion ;  for, 
his  labours  being  generally  unnoticed, 
or  their  results  unappreciated,  he  is 
left  without  much  encouragement  to 
proceed  in  fresh  endeavours  to  excel ; 
while  his  faculties,  instead  of  improving, 
■through  generous  exercise,  are  often  de- 
teriorated by  the  languid  manner  in 
which  they  are  brought  into  2^lay.^' — 
(P.  6.) 

Captain  Hall  justly  observes,  that 


the  influence  of  the  commander  on  men 
of  moderate  talents  is  still  more  strik- 
ing, as  they  stand  more  in  need  of  a 
stimulus  to  duty.  "If  a  commander 
has  skQl  enough  to  enlist  the  sym- 
pathies of  those  placed  under  his  orders, 
they  will  feel  insensibly  drawn  on  to 
maice  common  cause  with  him,  and  will 
afterwards  exert  themselves  strenu- 
ously to  maintain  that  degree  of  im- 
portance derived  from  this  implied 
companionship  in  ability,  which  they 
could  hardly  hope  to  reach  single- 
handed," — "  The  invariable  effect  of 
these  efforts  is  to  improve  the  charac- 
ter. Such  training  will  certainly  not 
make  a  clever  man  out  of  a  stupid 
one ;  but  it  may  often  render  a  dis- 
contented or  useless  man  of  service  to 
himself  and  the  state ;  and,  instead  of 
his  continuing  a  wretched  and  hope- 
less being,  may  convert  him  into  one 
who  is  happy  and  confident  of  success." 

"  I  suspect,  however,  that  no  one 
who  has  not  been  an  eye-witness  of 
the  condition  of  a  ship  under  the  com- 
mand of  an  ignorant,  trifling,  or  other- 
wise inefficient  captain,  can  have  any 
notion  of  the  mischievous  effects  of  his 
misrule,  or  rather  of  his  no  rule.  Per- 
haps in  the  long-run,  almost  every  kind 
of  consistent  severity  is  preferable  to 
the  uncertain  higgledy-piggledy  kind 
of  discipline  on  board  a  man-of-war, 
in  what  is  called  slack-order.  The 
moderately  gifted  persons  feeling  that, 
in  these  circumstances,  they  have  no 
chance  of  notice  by  any  exertions  of 
their  own,  speedily  degenerate  into  a 
sort  of  vegetables,  so  incapable  of  any 
useful  exertion,  that  they  infest  the 
ship  like  the  fungus  called  the  dry-rot. 
This  chaotic  period  is  the  holiday  sea- 
son of  the  scamps  and  sculkers,  who 
then  fancy  their  game  the  surest. 
These  fellows  certainly  succeed  in 
working  as  little  as  possible,  and  in 
making  those  about  them  unhappy; 
but,  after  all,  without  any  great  acces- 
sion to  their  own  comfort.  . .  . 

"  This  system,"  continues  Captain 
Hall,  "  discourages  the  cheerful  and 
willing  workers  by  the  oppression  of 
its  injustice — a  feeling  which  speedily 
takes  away  or  deadens  some  of  the  best 
motives  to  improvement."    Such  a 
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captain,  unwilling  to  see  that  he  him- 
•self  is  in  fault,  asci-ibes  the  evil  to 
others ;  and,  "  hy  his  unfair  censure 
of  those  who,  in  fact,  are  the  most  de- 
serving of  commendation,  he  scatters 
the  seeds  of  discoiiratjement  over  all  the 
different  classes  exposed  to  his  unskilful 
handlintj,  and  everything  falls  into  con- 
fusion worse  confounded." — (P.  10.) 
The  loss  of  the  French  frigate  Aledusa 
on  the  coast  of  Africa  in  1817,  and  the 
tremendous  suifering  which  instantly 
ensued  from  the  state  of  anarchy  and 
uproar  which  took  place  among  the 
crew,  are  well  known  to  have  arisen 
entirely  from  the  insufficiency  and 
headstrong  conceit  of  a  weak  and  ig- 
norant commander,  and  afford  a  stronji 
contrast  to  the  admirable  coolness  and 
high-toned  moral  feeling  displayed  on 
the  similar  occasion  of  the  wreck  of 
the  Alcestc,  on  her  return  from  China 
with  Lord  Amherst,  and  which  also 
made  a  deep  impression,  but  of  a  widely 
different  nature,  on  the  public  mind. 

From  the  passages  above  quoted, 
the  influence  which  the  qualities  of  the 
commander  may  exert  on  the  health 
as  well  as  the  discijjline  of  those  under 
his  orders,  may  easily  be  inferred.  So 
important,  indeed,  arc  cheerfulness  and 
confidence,  as  conditions  of  health,  that 
if  two  ships  were  to  be  sent  out  to  cir- 
cumnavigate the  globe,  each  equal  to 
the  other  in  every  respect,  except  the 
one  being  under  the  direction  of  a 
humane,  vivacious,  and  considerate 
man,  and  the  other  of  a  lymphatic, 
selfish,  and  tyrannical  commander, 
though  both  were  equal  in  talent, — it 
is  quite  certain  that  the  fate  of  the 
crews  would  be  widely  different,  and 
that  sickness  would  prevail  much  more 
in  the  one  than  in  the  other.  In  the 
expediti^  dispatched  under  the  com- 
mand of  Sir  James  Ross  in  search  of  Sir 
John  Franklin,  the  mortality  among 
the  crews  considerably  exceeded  that 
of  former  expeditions;  and  this  un- 
favourable feature  was  ascribed  by 
their  commander  in  a  great  measure 
to  the  depressing  eliect  of  failure. 


CHAPTER  XVI. 

APPLICATION  OF  THE  PRECEDING 
PRINCIPLES  TO  THE  ORIGIN  AND 
PREVENTION  OF  BAD  HEALTH. 

The  reader  is  now  prepared  to  take 
a  correct  view  of  a  question  on  which 
it  especially  interests  all  to  have  true 
and  precise  notions.  I  allude  to  the 
real  origin  of  bad  health.  On  this  point 
very  vague  and  contradictory  opinions 
are  prevalent ;  and,  as  our  conduct  in 
life  must  necessarily  be  closely  de- 
pendent on  our  views  in  regard  to  this 
subject,  I  cannot  do  better,  before  con- 
cluding, than  devote  a  chapter  to  its 
consideration. 

Setting  aside,  for  the  present,  here- 
ditary tendencies  to  disease  (wliich, 
however,  as  they  must  have  begun  at 
first  from  ordinary  causes  with  some 
progenitor,  might  properly  enough 
have  been  considered  in  this  place), 
bad  health  may  be  regarded  in  one  of 
three  different  lights  :  Mrst,  as  having 
no  necessary  connection  with  our  con- 
duct, but  as  being  the  result  of  circum- 
stances entirely  beyond  our  knowledge 
and  control,  and  sent  by  a  superintend- 
ing Providence,  not  to  urge  us  to  more 
rational  care,  but  to  soften  our  hearts, 
and  warn  us  from  sin ;  Secondly,  as 
the  result  of  accident  alone,  or  of  ex- 
ternal influences  which  we  can  appre- 
ciate, but  from  which  it  is  impossible 
to  withdraw  ourselves  ;  or,  Thirdly, 
as,  in  every  instance,  the  result  of  the 
direct  infringement  of  one  or  more  of 
the  conditions  decreed  by  the  Creator 
-to  be  essential  to  the  well-being  and 
activity  of  every  bodily  organ,  and 
the  knowledge  and  observance  of 
which  are,  to  a  great  extent,  within 
our  own  power. 

According  as  one  or  other  of  these 
views  shall  be  adopted,  the  most  op- 
posite practical  results  will  follow, 
if  the  first  be  received  as  the  truth, 
and  health  and  sickness  be  viewed  as 
dispensed  without  reference  to  our 
treatment  of  our  bodies,  but  solely  as 
a  means  of  reclaiming  us  from  sin,  at- 
tention to  moral  and  religious  improve- 
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ment  alone  wiil  be  our  best  protection, 
and  any  attempt  to  avert  bad  health 
by  studying  and  obeying  the  laws  of 
the  bodily  functions  will  be  entirely 
useless.  If,  again,  tlie  second  principle 
be  correct,  and  disease  arise  from  ac- 
cident and  from  influences  beyond  our 
control,  then  neither  our  moral  nor  our 
physiological  conduct  will  avail  us  as 
a  protection,  and  our  only  resource 
will  be  humble  resignation  to  the  will 
of  God.  But  if  the  third  be  true,  and 
the  human  fi-anie  be  constructed  by  the 
Creator  on  princijjles  calculated  to 
carry  on  life  forseveutyyears  or  longer, 
and  if  in  fact  a  large  proportion  of  the 
race  perish  before  attaining  ten  years 
of  age,  chiefly  from  infringing  the  con- 
ditions on  which  the  due  performance 
of  the  various  vital  functions  depends, 
it  then  becomes  an  object  of  great  in- 
terest to  us  to  study  the  structure  of  our 
organs,  to  discover  the  laws  of  their 
functions,  and  to  yield  to  the  rules 
thence  deducible  tliat  implicit  obedi- 
ence from  which  alone  health  can 
spring. 

That  the  strictest  observance  of  the 
moral  laws  and  tlie  purest  devotion  of 
which  human  nature  is  capable,  are, 
without  a  simultaneous  observance  of 
the  organic  laws,  insulBcient  to  secure 
health  to  the  body,  is  too  clearly  proved 
by  the  instances  already  adduced,  and 
by  the  history  of  mankind,  to  require 
any  demonstration  here.  The  biogra- 
phies of  the  pious  and  excellent  fur- 
nish abundant  examples  of  the  fact; 
while  the  annals  of  crime  afford  nu- 
merous instances  of  men  of  the  most 
unprincipled  characters  enjoying  un- 
broken health.  If,  indeed,  the  organic 
conditions  be  fulfilled,  the  upright 
man  will  enjoy  a  serenity  of  health 
which  the  criminal  can  never  know  ; 
but  the  moral  observance  alone  will 
not  avail  him,  if  he  at  the  same  time 
neglect  the  organic  laws.* 

In  regard  to  the  second  proposition, 
a  little  reflection  will  satisfy  every  in- 
telligent mind  that  it  is  equally  un- 

«  I  may  again  refer  to  George  Combe's 
work  on  "  The  Constitution  of  Man"  for  a 
consistent  and  intelligible  view  of  the  rela- 
tion subsisting  between  tlie  organic  and  the 
moral  and  intellectual  laws. 


tenable,  and  that  disease  is  not  always 
the  result  of  accident  or  of  circuiu- 
stances  which  cannot  be  modified. 
There  are  causes  of  bad  healtli  against 
which  even  the  most  stupid  and  pre- 
judiced take  some  precautions,  and 
with  success;  and  the  whole  art  of 
medicine  would  be  a  more  gross  delu- 
sion than  ever  romancer  imagined,  if 
health  were  not  influenced  by  circum- 
stances within  our  control.  All  our 
remedies,  and  all  our  attoition  to  diet, 
clothing,  and  regimen,  are  indications 
of  the  contrary  persuasion.  There  are, 
indeed,  agencies  from  v>-hich  we  shall 
probably  never  be  able  entirely  to  pro- 
tect ourselves.  Such  are  variations  in 
the  state  of  the  atmosphere,  epidemic 
and  contagious  causes,  and  necessary 
exposure,  in  pursuance  of  higher 
duties,  to  known  unhealthy  influences ; 
but  allowing  for  all  these,^  ample  scope 
remains  within  which  man  may,  by  an 
extension  of  his  knowledge  and  industry, 
jirovide  himself  with  safeguards  far  be- 
yond what  he  has  ever  yet  made  use  of, 
or  has  ever  dreamed  of  being  able  to  dis- 
cover. 

The  third  view,  or  that  which  as- 
cribes bad  health  to  the  disregard  of 
some  one  or  more  of  the  organic  laws, 
thus  presents  itself  as  the  only  one  in 
accordance  with  observation  and  past 
experience  ;  and,  after  the  full  expo- 
sition I  have  already  given  of  the  con- 
ditions of  health  of  various  important 
organs,  I  trust  that  little  farther  proof 
of  this  will  be  required.  At  the  same 
time,  as  the  principle  is  full  of  practi- 
cal value,  I  shall  briefly  mention  some 
additional  facts  w  hich  go  far  to  esta- 
blish its  accuracy. 

Considering  that  the  human  frame 
is  constructed  to  endure,  in  many 
cases,  for  sixty,  seventy,  ^r  eighty 
years,  it  must  seem  extraorcnnary  to  a 
reflecting  mind,  that,  taking  the  whole 
of  the  deaths  in  England  and  Wales 
for  the  seven  years  1838-44,  so  large 
a  proportion  as  396  in  1000  should 
occur  under  the  age  of  five  years,  and 
that  in  Manchester  and  Salford  the 
proportion  of  deaths  under  the  same 
age  should  rise  to  the  enormous  amount 
of  517  in  1000.  It  is  impossible  to 
suppose  that  such  a  rate  of  mortality 
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was  assigned  by  the  Creator  as  the  un- 
avoidable fate  of  man ;  for,  by  the 
gradual  improvement  of  society,  and 
a  closer  observance  of  the  organic  laws, 
the  proportion  of  deaths  in  early  life 
is  now  much  smaller  than  it  was  in 
former  times.    We  have  already  seen 
that  so  recently  as  about  the  middle 
of  last  century,  when  the  pauper  in- 
fants of  London  were  received  and 
brought  up  in  the  workhouses,  amidst 
impure  air,  crowding,  and  want  of 
proper  food,  not  above  1  in  24  lived 
to  be  a  year  old  ;  so  that  out  of  2800 
annually  received  into   them,  2690 
died.     But  when  the  conditions  of 
health  came  to  be  a  little  better  un- 
derstood, and  an  Act  of  Parliament 
was  obtained  obliging  the  parish  offi- 
cers to  send  the  infants  to  nurse  in  the 
country,  this  frightful  mortality  was 
reduced  to  450,  instead  of  upwards  of 
2600  !     On  comjiaring  the  various 
Reports  of  the  Registrar-General  we 
find  that  great  differences  exist  in  the 
mortality  of  different  districts.  It 
appears,  for  instance,  that  while  the 
number  of  deaths   among  children 
under  five  years  of  age,  amounts  in 
Manchester  and  Salford  to  517  per 
1000  of  the  whole  mortality,  in  Chi- 
chester it  is  only  275  per  1000.  xVfter 
making  every  allowance  for  a  larger 
number  of  children  existing  in  Man- 
chester and  Salford,  in  proportion  to 
the  rest  of  the  population,  than  in 
Chichester,  it  remains  evident  that  in 
the  former  two  places  there  occurs  an- 
nually a  large  sacrifice  of  human  life 
which  might  be  obviated  by  judicious 
sanitary  measures.    Tliis  becomes  still 
more  apparent  when  we  compare  the 
number  of  births  in  the  two  places 
with  their  respective  infantile  mor- 
tality.   During  the  six  years  1839-44 
42,895  children  were  born  in  Man- 
chester, and  of  this  number  11,338,  or 
264  per  1000,  died  before  completing 
the  first  year.    In  Chichester,  again, 
the  births  during  the  same  period 
amounted  to  2507,  and  the  deaths  in 
the  first  year  to  295,  or  117  per  1000. 
Now,  since  it  is  morally  certain  that 
it  formed  no  i)art  of  the  great  scheme 
of  the  universe  that  twice  as  large 
a  proportion  of  infants  should  die  \ 


in  Manchester  as  in  Chichester,  the 
cause  of  the  difference  can  only  be, 
that  in  Chichester  the  conditions  of 
health,  pi-escribed  in  the  nature  of  the 
human  constitution,  and  of  the  things 
that  surround  and  affect  it,  are  better 
fulfilled  than  they  are  in  Manchester. 
Can  stronger  evidence  than  that  just 
cited  be  required  to  prove  that  bad 
health  frequently  arises  from  causes 
which  man  may  often  discover  and  re- 
move, and  which,  therefore,  it  is  his 
bounden  duty  to  investigate  and  avoid 
by  every  means  which  Pi-ovidencc  has 
placed  within  his  reach  ? 

The  higher  rates  of  mortality  of 
adults  as  well  as  of  infants  in  crowded 
cities  than  in  country  districts,  as  ex- 
hibited in  the  instructive  returns  of 
the  Registrar-General,  equally  demon- 
strate the  influence  of  bad  air,  crowd- 
ing, and  imperfect  food,  in  abridging 
life.  We  are  told,  on  the  authority  of 
M.  Benoiston  de  Chateau-neuf,  that 
about  two-thirds  of  the  children  born 
in  Paris  are  sent  to  the  counti'y  to 
nurse,  and  that  of  these  two-thirds, 
about  three  in  five  are  reared  ;  where- 
as, of  the  other  third  which  remains 
in  Paris,  more  than  a  half  die  dui'ing 
the  first  year.  This  difference  of 
mortality  is  ascribed  by  il.  Lachaise 
to  the  residence  of  a  number  of  the 
mothers  in  dirty  districts  of  the  city, 
and  to  their  occupying  dark  and  ill- 
ventilated  houses.  From  reasons  of 
necessity  too,  it  is  principally  the 
children  of  the  poorer  classes  wlio  ai-e 
left  in  Paris,  and  these,  from  the  po- 
verty of  the  parents,  are  inadequately 
provided  with  clothing.  Hence  cold 
has  no  inconsiderable  share  in  produc- 
ing the  result.  From  these  combined 
causes  the  mortality  is  found  to  be 
much  greater  in  the  poorer  than  in 
the  richer  districts  of  the  city.* 

Even  in  the  best  managed  commu- 
nities, the  number  not  only  of  the  sick 
of  all  ages,  but  of  those  who  are  cut 
off  in  early  youth,  is  so  prodigious  as 
to  shew  that  we  are  far  from  having 
arrived  at  the  maximum  of  health  of 
which  the  race  is  susceptible ;  while 
the  advances  we  have  already  made 

•  Annalcs  d'Hygiene  Publique,  April 
1849,  p.  Zil. 
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give  us  every  reason  to  hope  that,  by 
perseverance  and  the  extension  of  our 
knowledge,  we  may  continue  to  im- 
prove for  many  centuries  to  come.  The 
progress  of  knowledge,  and  the  in- 
creasing ascendency  of  reason,  have  al- 
ready delivered  us  from  many  scourges 
which  were  regarded  by  our  forefathers 
as  unavoidable  dispensations  of  an  in- 
scrutable Providence. 

In  the  days  of  the  ancient  Romans, 
their  capital  and  territories  were  fre- 
quently almost  depopulated  by  visita- 
tions of  plague  and  pestilence,  from 
which  the  present  generation  is,  by 
means  of  a  stricter  observance  of  the 
conditions  of  health,  entirely  exempt- 
ed. In  London,  in  like  manner,  the 
same  contempt  of  cleanliness,  ventila- 
tion, and  comfort,  which  was  so  fatal 
to  tlie  Romans,  produced  similar  re- 
sults, and  swept  off  its  thousands  and 
tens  of  thousands,  till  a  fortunate 
disaster, — the  great  fire, — came  in  the 
place  of  knowledge,  and,  by  destroying 
the  crowded  lanes  and  other  sources 
of  impurity  which  man  had  shewn 
himself  so  little  solicitous  to  remove, 
procui'ed  for  its  inhabitants  a  perfect 
and  permanent  immunity  from  one  of 
the  deadliest  forms  of  disease ;  thus 
teaching  them  the  grand  practical 
truth,  that  such  awful  visitations  are 
not  arbitrary  inflictions  of  an  offended 
Providence,  but  thedirectconsequences 
of  the  neglect  of  those  conditions  by 
which  the  various  vital  functions  are 
regulated,  and  by  conforming  to  whicli 
alone  health  can  be  preserved.  Ac- 
cordingly, by  greater  attention  to  pro- 
per food,  cleanliness,  and  liure  air, 
the  mortality  of  London  with  its  gi- 
gantic population,  is  now  little  above 
half  what  it  was  200  years  ago;  and  the 
huge  city  scarcely  feels  those  ravages 
of  cholera  which  have  inflicted  a  blow 
on  some  less  fortunate  places,  the  effects 
of  which  will  be  long  remembered. 
Formerly,  the  period  of  greatest  mor- 
tality in  London  occurred  in  summer, 
owing  to  the  influence  of  the  solar 
heat  in  causing  the  rapid  decomposi- 
tion of  the  animal  and  vegetable  re- 
fuse which  encumbered  the  streets. 
The  close  and  confined  air  acted  as  a 
concentrated  poison,  and  plague  and 


other  fatal  epidemics  were  the  result. 
But  now  the  winter  season  is  the  most 
unhealthy,  owing  to  the  injurious  in- 
fluence of  the  cold,  from  which  the 
poor  cannot  adequately  shelter  them- 
selves ;  while  the  summer  air,  from 
being  less  contaminated  than  formerly 
by  deleterious  exhalations,  has  become 
less  destructive  to  life.  It  is  appa- 
rently from  the  combination  of  dirt 
and  heat  that  the  cities  of  Southern 
Europe  are  in  our  own  time  more  un- 
healthy during  summer  than  those  of 
the  north. 

The  great  influence  of  light,  fresh 
air,  and  drainage,  in  improving  the 
health  of  a  city-population,  has  been 
recently  illustrated  on  an  extensive 
scale  in  the  case  of  the  city  of  Ham- 
burgh. During  the  visitation  of  the 
cholera  in  1832,  there  were,  among 
the  population  residing  in  the  dirty 
and  close  parts  of  the  town,  five  times 
as  many  attacks,  and  nearly  four  times 
as  many  deaths,  as  among  persons  of 
the  same  class  residing  in  the  clean 
and  airy  part ;  that  is,  irrespective  of 
the  condition  of  poverty,  the  difference 
in  the  sanitary  condition  of  those  two 
parts  of  the  town  rendered  the  inhabi- 
tants of  the  one  district  five  times 
more  susceptible  of  the  disease  than 
those  residing  in  the  other,  and  in- 
creased the  actual  mortality  of  the 
most  susceptible  fourfold.  But  since 
the  epidemic  of  1832,  a  large  por- 
tion of  Hamburgh  has  been  reduced  to 
ashes  by  the  great  fire  of  1842,  and 
this  part  of  the  city  has  been  recon- 
structed on  a  plan  in  conformity  with 
sanitary  principles.  The  result  is  thus 
stated  by  Mr  Grainger,  with  reference 
to  the  cholei-a  epidemic  of  1848  : — 

"After  extensive  enquiries  among 
several  physicians,  I  am  fully  justified 
in  stating  that  the  rebuilt  part  of 
Hamburgh  has  experienced  an  ex- 
emption from  cholera,  which  is  as  re- 
markable as  it  is  important.  All  the 
medical  men  with  whom  I  conversed 
upon  the  subject  expressed  themselves 
unequivocally  to  this  effect ;  and,  in- 
deed, the  thing  is  so  notorious  as  to 
be  well  known  to  the  inhabitants  gene- 
rally. Dr  Rotbenburg  stated  to  me  in 
evidence,  that  although  there  had  not 
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l)een  time  to  classify  the  cases,  it  was 
clear  that  the  epidemic  had  not  ad- 
vanced so  far  towards  the  Alster,  or 
new  part  of  the  town,  as  in  1832. 
Other  persons  state  that  it  has  been 
particularly  confined  to  persons  living 
near  the  Elbe.  Mr  Viilkers,  whose 
office  enabled  him  to  form  a  more  ac- 
curate judgment  than  other  indivi- 
duals, since  it  was  his  duty  to  take  the 
address  of  all  the  applicants  who  came 
to  the  central  bureau,  in  answer  to  my 
enquiries,  states  that  from  extended  ob- 
servation he  had  ascertained  that,  com- 
paring the  poor  residing  in  the  re- 
built pai'ts  of  the  town  with  those 
living  in  the  old  portion,  not  more 
than  one  of  the  former  had  been  at- 
tacked with  cholera  for  ten  of  the 
latter. 

"  As  certainly  as  the  per-centage  of 
typhus  decreases  with  improved  drain- 
age, paving,  and  ventilation,  so  also 
will  epidemic  cholera.  The  proof  of 
this  has  been  afforded  on  a  grand 
scale  at  Hamburgh.  The  ravages  of 
the  disease  have  received  a  marked 
check  in  the  present  outbreak  by  the 
substitution  of  wide,  open,  and  well- 
drained  streets,  for  narrow,  filthy,  and 
damp  thoroughfares  ;  by  the  removal 
of  high  mounds  of  earth,  blocking  up 
the  streets  and  overshadowing  the 
houses ;  and  by  guarding  a  large 
evaporating  surface  from  contamina- 
tions."* 

Of  late  years  associations  have  been 
formed  in  many  of  the  large  towns, 
both  of  England  and  Scotland,  for 
providing  cheap  and  comfortable  ac- 
commodation for  the  poorer  classes. 
Model  lodging-houses  and  dwellings 
have  been  erected  in  the  worst  districts 
of  the  towns,  and  have  already  effected 
much  good  ;  directly,  by  affording 
greatly  improved  and  healthy  houses 
at  a  reasonable  rate  to  the  working  po- 
pulation, and  indirectly,  by  giving  a 
stimulus  to  the  keepers  of  the  old  lodg- 
ing-houses and  to  house-proprietors  to 
follow  in  the  path  of  improvement.  But 
the  evil  with  which  these  associations 

»  Report  of  the  General  Board  of  Health 
on  Quarantine,  1849,  p.  15.  These  state- 
ments have  since  been  confirmed  by  the  oflB- 
eial  report  drawn  up  by  Dr  Buch. 


have  to  grapple  is  almost  too  great  for 
private  enterprise  to  contend  with,  and 
many  years  must  elapse  before  any  very 
perceptible  improvement  can  ensue, 
unless  the  municipal  corporations  move 
in  the  cause.  Power  for  this  purpose 
was  granted  by  Parliament  to  tlie 
English  municipal  bodies  in  the  ses- 
sion of  1850-51,  and  there  is  good 
reason  to  hope  that  it  will  speedily 
be  acted  on.  As  yet,  all  that  has 
been  acconiplished  is  but  as  a  drop 
in  the  bucket,  aud  "  nothing  effec- 
tual," says  the  Registrar-General,  in 
speaking  of  sanitary  measures,*  "has 
been  done  to  put  a  stop  to  the  disea^, 
suffering,  and  death,  in  which  so  many 
thousands  perish.  The  improvements, 
chiefly  of  a  showy,  superficial,  outside 
character,  have  not  reached  the  houses 
and  habits  of  the  people.  The  houses 
and  children  of  a  labouring  man  can 
only  be  kept  clean  and  healthy  by  the 
assiduous  labour  of  a  well-trained,  in- 
dustrious wife,  as  any  one  who  has 
paid  the  least  attention  to  the  subject 
is  aware.  Thisisoverlooked  in  Lanca- 
shire, where  the  woman  is  often  en- 
gaged in  labour  from  home.  The  con- 
sequence is,  that  thousands,  not  only 
of  the  children,  but  of  the  men  and 
women  themselves,  perish  by  the  dis- 
eases formerly  so  fatal,  for  the  same 
reasons,  in  barracks,  camps,  gaols,  and 
ships."  The  children,  however,  from 
being  most  susceptible  to  the  causes  of 
disease,  are  by  far  the  greatest  suf- 
ferers. "  How  pitiful,"  exclaims  the 
Registrar  of  Deansgate,  Manchester, 
"  is  the  condition  of  many  thousands  of 
children  bom  in  this  woi-ld  !  Here  in 
the  most  advanced  nation  in  Europe — 
in  one  of  the  largest  towns  in  Eng- 
land— ^in  the  midst  of  a  population 
unmatched  for  its  energy,  industry, 
manufacturing  skill — in  Manchester, 
the  centre  of  a  victorious  agitation  for 
commercial  freedom — aspiring  to  lite- 
rary culture — where  Percival  wrote, 
and  Dalton  lived — 13,362  children 
perished  in  seven  years  over  and  above 
the  mortality  natural  to  mankind  ! 
These  '  little  children,'  brought  up  in 
unclean  dwellings  and  impure  streets, 

*  Ninth  Annual  Report,  p.  xxiv. 
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were  left  alone  long  days  by  their 
mothers,  to  breathe  the  subtle,  sickly 
vapours — soothed  by  opium,  a  more 
'  cursed  distillation'  than  '  hebanon' — 
and,  when  assailed  by  mortal  diseases, 
their  stomachs  torn,  their  bodies  con- 
vulsed, their  brains  bewildered,  left  to 
die  without  medical  aid — Avhich,  like 
Hope,  should  '  come  to  all' — the  skill- 
ed medical  man  never  being  called  in 
at  all,  or  only  summoned  to  witness 
the  death,  and  sanction  the  funeral."* 

It  is  evident  that  no  external  sani- 
tary measures  can  effectually  grapple 
with  an  evil  so  widely  spread  and  so 
deeply  rooted.  The  people  must  he  edu- 
cated— be  taught  to  know  and  to  per- 
ceive the  value  of  hygienic  rules. 
Till  this  be  done  we  shall  look  in  vain 
for  any  well-founded  and  permanent 
amelioration  of  their  condition.  So 
long  as  the  mortality  of  a  densely  po- 
pulated town  is,  in  proportion,  double 
that  of  the  country,  and  so  long  as 
epidemics  ravage  cities,  leaving  rural 
districts  almost  unscathed,  no  rational 
doubt  can  be  entertained  that  such  dif- 
ferences arc  not  mere  caprices  of  na- 
ture, but  depend  on  causes  which  it  is 
in  our  power  in  a  great  measure  to 
remove. 

"  It  must  now  be  considered  as  an 
established  truth  in  science,"  says  Dr 
Sutherland,  in  advocating  views  simi- 
lar to  those  above  expressed,  "  that 
the  health,  well-being,  and  the  dura- 
tion of  tlie  life  of  man,  arc  intimately 
connected  with  the  observance  of  the 
natui'al  laws  of  the  universe  in  which 
he  dwells.  The  acknowledgment  of 
this  fact  is  not,  however,  sufficient  to 
ensure  obedience  to  these  laws.  Men 
must  be  taught  individually  and  col- 
lectively to  obey  them ;  each  man  for 
himself ;  every  family,  in  order  to  en- 
sure its  possession  of  that  immunity 
from  disease  whicli  the  great  Creator 
obviously  intended  his  creatures  to 
possess ;  and  all  men  acting  in  their 
social  or  corporate  capacity  for  the 
protection  of  each  other,  and  of  the 
entire  community. 

"  There  is  a  free  choice  given.  On 

*  Ninth  Annual  Report,  p.  xxv. 


the  one  hand  there  is  obedience  and 
health,  with  all  the  numberless  bless- 
ings and  privileges  which  go  with  it; 
on  the  other  there  is  neglect  and 
its  infallible  consequences,  which  no 
human  power  can  fully  avert  when 
they  are  entailed,  and  these  are  dis- 
ease, death,  pauperism,  loss  of  pro- 
perty, ignorance,  debasement,  crime. 

"  The  social  evils  of  this  neglect  are 
at  present  ramified  throughout  the  en- 
tire framework  of  society.  A  vast 
amount  of  property  has  grown  up  in 
all  parts  of  the  country,  of  which  it  is 
not  too  much  to  assert  that  it  is  as 
productive  of  misery  to  the  people,  as 
it  is  unproductive  of  legitimate  re- 
venue to  the  proprietor.  Large  masses 
of  population  are  congregated  together 
without  any  attention  to  those  condi- 
tions on  which  their  health's  existence 
depends,  and  until  very  recently  it 
was  denied  that  there  were  any  special 
causes  of  disease  which  occasioned  a 
greater  mjjrtality  in  towns  than  was 
the  common  lot  of  the  human  race. 
Melancholy  experience  has  however 
proved  that  unless  a  very  different 
view  be  taken  of  those  new  duties 
which  devolve  on  all  men,  by  the  very 
act  of  their  social  union,  and  suitable 
means  of  protection  adopted,  our 
country  will  exhibit  a  progressive 
descent  in  tlie  health  and  productive 
power  of  its  people,  and  a  correspond- 
ing degradation  in  their  moral  and 
social  condition,  of  which,  indeed,  a 
low  sanitary  state  must  now  be  con- 
sidered as  an  almost  invariable  expo- 
nent."* 

But  education  alone  will  for  a  time 
prove  an  insufficient  remedy.  The  damp 
cellars,  the  narrow  alleys,  and  unven- 
tilated  courts,  must  be  removed,  and 
houses  provided,  to  which  the  bless- 
ings of  light  and  air  may  be  fully  ad- 
mitted ;  and  if  private  enterprise  be 
insufficient  to  effect  this  change,  it  be- 
comes the  duty  of  the  municipal  cor- 
porations, as  Parliament  has  now  ac- 
knowledged, to  undertake  the  w^ork. 
The  capital  invested  will,  as  the  ex- 
perience of  the  model  dwelling-houses 

*  Appendix  A  to  the  Report  on  the 
Cholera  of  1848-9,  by  the  General  Board  of 
Health,  p.  3. 
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has  already  proved,  yield  a  fair  re- 
turn; while  the  indirect  saving  to 
the  rate-payers  will  be  great,  and 
the  relief  of  human  misery  incalcul- 
able, lu  one  small  court  in  the  city 
of  London,  containing  about  150  in- 
habitants, seven  persons,including  two 
heads  of  families,  were  cut  off  by 
cholera,  leaving  twelve  or])han8  as  a 
burden  on  the  parish,  equivalent,  it 
was  calculated,  to  a  pecuniary  loss  of 
£,i2(j.  In  what  the  misery  consists,  the 
following  paragraph  from  Mr  Simon's 
first  Rej)ort  to  the  Commissioners  of 
Sewers  for  the  city  of  London,  forcibly 
points  out : — "  Scrofula  more  or  less 
completely  blights  all  that  are  born, 
often  extinguishing  life  prematurely  ; 
in  childhood  by  hydrocephalus — in 
youth  by  pulmonary  and  renal  affec- 
tions, which  you  read  of  as  consumption 
and  dropsy,  often  scarring  and  maiming 
when  it  does  not  kill,  and  rendering 
life  miserable  by  blindness,  decrepi- 
tude, or  defoi'mity  ;  often  prolonging 
itself  as  an  hereditary  curse  in  the 
misbegotten  offspring  of  those  who 
under  such  unnatural  conditions  attain 
to  maturity  and  procreation." 

But  such  is  the  ignorance  of  the 
mass  of  tlie  people,  and  their  conse- 
quent indifference  towards  these  causes 
of  disease,  that  it  is  a  matter  of  the 
utmost  difficulty  to  convince  them  of 
the  deleterious  influence  of  agents 
which  are  destroying  their  neighbours 
in  scores  before  their  very  eyes ;  and 
it  is  almost  inconceivable  how  speedily 
the  remembrance  even  of  the  most 
fearful  epidemic  attacks  is  forgotten, 
and  the  sanitary  precautions,  which 
were  induced  by  the  fright  of  the  mo- 
ment, are  again  neglected. 

One  among  many  striking  instances 
of  this  lamentable  truth,  given  in  the 
Report  of  the  Board  of  Health  on 
Cholera,  is  the  following  :  A  small  dis- 
trict of  Bristol,  measuring  1850  square 
yards,  was  so  imperfectly  drained  that 
the  effluvia  from  the  gully  grates  were 
at  times  most  horrible.  In  this  con- 
fined space,  containing  61  small  houses, 
there  occurred  89  cases  of  cholera  and 
36  deaths ;  and  yet,  says  Dr  Suther- 
land, "notwithstanding  the  terrible 
warning  given  in  this  case,  and  the 


temporary  measures  adopted  at  the 
time,  I  learn  from  Mr  Clark's  report 
on  Bristol,  which  I  have  seen  while 
this  sheet  is  passing  through  the  press, 
that  within  twelve  months  after  the 
catastrophe  every  thing  has  reverted 
to  its  old  condition,  and  were  cholera 
to  recur  it  would  find  its  former  haunts 
ready  to  receive  it."* 

Smallpox  is  another  scourge  which 
annually  carried  off  its  thousands,  and 
from  which  modern  science  in  a  great 
measure  protects  us;  although  half  a 
century  ago  any  one  should  have  ven- 
tured t^>  express  such  an  expectation, 
would  have  been  ridiculed  for  his 
credulity.  Even  before  Jenner's  dis- 
covery of  vaccination,  the  improvement 
of  medical  science,  consequent  on  in- 
creased knowledge  of  the  structure  and 
functions  of  the  human  body,  had 
greatly  mitigated  the  fatality  of  small- 
pox. Formerly  the  patients  were  shut 
up,  loaded  with  bed-clothes,  in  heated 
rooms  from  which  every  particle  of 
fresh  air  was  excluded;  and  stimu- 
lants were  administered,  as  if  on  pur- 
pose to  hasten  the  fate  of  the  sick. 
But  sounder  views  of  the  wants  of  the 
animal  economy  at  last  prevailed;  and, 
by  the  admission  of  fresh  air,  the  re- 
moval of  everything  heating  or  stimu- 
lating,andthe  adni  in  istration  of  cooli  ng 
drinks  and  other  fit  remedies,  thou- 
sands were  preserved  whose  lives  would 
have  been  lost  under  the  mistaken 
guidance  of  the  older  physicians. 

So  lately  as  the  middle  of  last  cen- 
tury, ague  was  so  prevalent  in  many 
parts  of  Britain  where  it  is  now  un- 
known, that  our  ancestors  looked  upon 
an  attack  of  it  as  a  kind  of  necessary 
evil,  from  which  they  could  never  hope 
to  be  delivered.  In  this  instance,  also, 
farther  experience  has  shewn  that  Pro- 
vidence was  not  in  fault.  By  draining 
the  land,  removing  dunghills,  building 
better  houses  in  better  situations,  and 
obtaining  better  food  and  warmer 
clothing,  it  appears  that  generations 
now  succeed  each  other,  living  on  the 
very  same  soil,  without  a  single  case 
of  ague  ever  occurring,  where,  a  cen- 
tury ago,  every  man,  woman,  and  child, 

*  Appendix  A,  p.  26. 
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was  almost  sure  to  suffer  from  it  at  one 
time  or  other  of  tlieir  lives  ;  thus  again 
shewing  how  much  man  may  do  for 
the  preservation  of  health  and  the  im- 
provement of  his  condition,  when  his 
conduct  is  directed  by  knowledge  and 
sound  principles. 

All  experience  shews  that  too  much 
importance  cannot  be  ascribed  to  the 
purity  of  the  atmosphere ;  for  a  small 
degree  of  impurity  constantly  acting 
on  the  blood  by  means  of  the  never- 
ceasing  function  of  respiration,  is  suf- 
ficient in  the  end  to  produce  a  morbid 
condition  of  that  fluid.    The  source  of 
impurity  may  be  exhalations  from  the 
soil,  or  so  bad  a  construction  of  our 
houses,  that  fresli  air  is  excluded,  while 
the  exhalations  of  the  animal  body  are 
confined  and  condensed.  Intermittent 
and  remittent  fevers  generally  owe 
their  origin  to  the  former  cause ;  typhus 
fever,  scrofula,  and  consumption,  most 
frequently  to  the  latter.  The  chemical 
nature  of  these  corrupting  principles 
of  the  atmosphere  has  not  yet  been 
ascertained  by  direct  analysis,  but  too 
many  facts,  deduced  from  the  historj^ 
of  disease,  proclaim  their  existence. 
It  is  certain,  however,  that  they  are 
due  to  the  decomposition  of  organic 
matter ;  and  hence  the  primary  neces- 
sity, in  striving  to  improve  the  health 
of  a  district  or  city,  of  removing  all 
the  causes  which  favour  such  decom- 
position. Heat  and  moisture  are  highly 
conducive  to  it, and  accordingly,  when- 
ever these  are  present  along  with  dead 
animal  or  vegetable  substances,  an  at- 
mosphere loaded  with  unhealthy  ex- 
halations is  inevitably  produced.  "  It 
is  well  known,"  says  the  Registrar- 
General,  "  that  the  decaying  matter  of 
marshes  gives  rise  to  agues,  dysente- 
ries, and  fevers  ;  and  it  is  proved 
satisfactorily  by  the  facts  collected 
under  the  Registration  Act,  that  the 
excessive  mortality  from  disease  of  the 
zymotic  (epidemic  and  contagious)  and 
other  'classes,  observed  in  towns,  is 
occasioned  by  animal   or  vegetable 
poisons,  with  which  the  atmosphere  is 
charged,  in  different  degrees  of  con- 
centration, depending  on  accumulated 
filth,  crowding  in  dwellings  and  work- 
shops, the  closeness  of  courts,  imper- 


fect supjilies  of  water,  and  the  want 
of  efficient  sewers.  From  these  causes 
the  deaths  are  nearly  twice  as  nume- 
rous in  ill-constructed  towns,  where 
the  poison  is  concentrated,  as  in  the 
country,  where  it  is  diluted  and  de- 
stroyed by  the  fresh  air.  The  precise 
degree  of  influence  which  the  various 
agencies  have  in  causing  the  high 
mortality  of  towns,  is  not  easily  deter- 
mined. Opinions  differ  as  to  what 
fraction  of  the  suffering  and  death  is 
to  be  set  down  to  the  want  of  water  or 
of  sewerage,  crowded  lodgings,  narrow 
streets,  ill-ventilated  workshops,  the 
destitution  of  skilful  medical  advice, 
the  neglect  of  children,  doses  of  opium 
and  overflowings  of  quackery,  slaugh- 
ter-houses, and  rank  churchyards;"* 
but  as  similar  differences  of  opinion 
formerly  existed  as  to  the  causes  of  the 
ill-health  and  inefficiency  of  the  navy, 
which  we  shall  presently  notice,  the 
question  of  the  amount  of  each  indi- 
vidual influence  is  shewn  to  be  of  no 
practical  importance.  The  work  of 
amelioration  must  be  directed  against 
one  and  all. 

The  same  causes  everywhere  pro- 
duce the  same  results ;  and  the  follow- 
ing extract  from  the  Report  on  Quar- 
antine, by  the  General  Board  of 
Health  (p.  86),  will  shew  how  certain- 
ly, whether  on  sea  or  land,  disease  and 
death  follow  habitual  neglect  of  the 
laws  of  health  : — 

"  In  the  larger  vessels  in  which 
well-directed  care  has  been  exercised," 
says  the  Report,  "  the  general  ill- 
health  has  been  reduced  below  the  ave- 
rage ill-health  of  populations  of  the  like 
ages  on  shore ;  but  from  the  evidence 
which  has  been  brought  before  us  from 
witnesses  at  the  ports,  medical  men. 
well  acquainted  from  long  practice  in 
the  mercantile  marine,  it  appears  that 
the  general  condition  of  merchant- 
vessels,  and  of  the  forecastles  in  which 
common  seamen  are,  for  the  most  part, 
lodged,  renders  them  in  effect  cellar- 
dwellings,  just  as  dark,  foul,  and  un- 
ventilated,  as  the  filthy,  unaired,  and 
dismal  cellars  on  shore  with  which  the 

*  Ninth  Annual  Report,  p.  xxx. 
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legislature  has  endeavoured  to  deal. 
It  appears,  also,  that  typhus  and  other 
epidemic  diseases  do  break  out  at  sea 
in  these  movable  cellars,  just  as  they 
do  in  the  cellars  of  the  dirtiest  courts 
on  shore  ;  and  were  it  not  that  seamen 
work  in  a  purer  external  atmosphere, 
that  they  are  below  decks  compara- 
tively for  short  intervals  only,  and 
that,  in  general,  they  are  men  at 
the  most  robust  periods  of  life,  it 
is  probable  that  epidemic  disease 
would  be  still  more  frequent  among 
them ;  an  inference  supported  by  the 
fact,  that  whenever  passengers,  emi- 
grants, and  others,  are,  owing  to 
stormy  weather,  much  confined  to  the 
berths  below,  some  form  of  malignant 
disease  is  almost  sure  to  break  out." 

This  state  of  matters  has  at  length 
attracted  the  attention  of  the  legisla- 
ture, and  in  the  session  1849-50  an 
act  was  passed  for  improving  the  con- 
dition of  the  Merchant  Service.  It 
includes  a  provision  for  the  ventila- 
tion of  that  part  of  the  ship  occupied 
by  the  crew. 

Since  the  middle  of  last  century  a 
great  improvement  has  taken  place  in 
the  condition  of  the  crews  of  the  British 
navy,  in  consequence  of  increased  at- 
tention to  sanitary  arrangements.  To 
be  convinced  of  this  we  have  only 
to  compare  the  condition  of  our  sea- 
men in  maritime  expeditions  under- 
taken a  century  ago,  with  their  lot  in 
the  present  day ; — Vernon's  expedition 
against  Carthagena,  or  that  of  Anson, 
for  instance,  with  those  of  Cook,  Parry, 
and  Ross;  or  the  health  enjoyed  by 
the  crew  of  the  Valorous,  with  that  of 
the  seamen  in  the  other  vessels  lying 
in  the  same  hai-bour.* 

Anson  set  sail  from  England  on  13th 
September  1740,  in  the  Centurion,  of 
60  guns  and  400  men ;  accompanied  by 
the  Gloucester,  of  50  guns  and  300 
men ;  the  Pearl,  of  40  guns  and  250 
men ;  the  Wager,  of  28  guns  and  160 
men ;  the  Tryal  sloop,  of  8  guns  and 
100  men;  and  two  victuallers,  one  of 
400,  and  the  other  of  200  tons.  They 
liad  a  long  run  to  .^ladeira,  and  thence 
i  to  the  coast  of  Brazil  where  they  ar- 

*  Sec  p.  G3. 


rived  on  the  18th  December;  but  by 
this  time  the  crews  were  remarkably 
sickly,  so  that  many  died,  and  great 
numbers  were  confined  to  their  ham- 
mocks. The  commodore  now  ordered 
"  six  air-scuttles  to  be  cut  in  each  ship, 
to  admit  more  air  letiveen  the  decks," 
and  took  other  measures  to  correct  tlie 
"  noisome  stench  on  board,"  and  de- 
stroy the  vermin — which  nuisances  had 
become  "  very  loathsome;"  "and,  be- 
sides being  most  intolerahhj  offensive, 
they  were  doubtless,  in  some  sort,  pro- 
ductive of  the  sickness  under  which  we 
had  laboured."  Such  is  the  mild  lan- 
I  guage  used  by  the  cliaplain  Jlr  Walter, 
in  communicating  these  appalling 
truths !  On  anchoring  at  St  Catha- 
rine's, 80  patients  were  sent  on  shore 
from  the  Centurion  alone,  of  whom  28 
soon  died,  and  the  number  of  sick  in- 
creased to  96.  Although  this  was 
nothing  compared  to  what  took  place 
afterwards,  it  is  nevertheless  worthy 
of  remark,  for  as  yet  they  had  sufiFered 
no  privations  or  unusual  hardships, 
except  from  contrary  winds.  The 
causes  of  disease  lay  entirely  within 
themselves. 

After  a  stormy  and  tedious  naviga- 
tion of  three  months  round  Cape  Horn, 
scurvy  carried  off  43  more  in  the  month 
of  April,  and  double  that  number  in 
May  1741.  Those  who  remained  alive 
now  became  more  dispirited  and  me- 
lancholy than  ever;  which  "general 
dejection  added  to  the  virulence  of  the 
disease,  and  the  mortality  increased  to 
a  frightful  degfee."  On  9th  June,  when 
insight  of  .Juan  Fernandez, the  debility 
of  the  people  was  so  great,  that,  200 
being  already  dead,  the  lieutenant 
could  muster  only  two  quarter-masters 
and  six  foremast  men  able  for  duty  in 
the  middle  watch ;  so  that  had  it  not 
been  for  the  a.ssistance  of  the  officers, 
servants,  &c.,  they  would  have  been 
unable  to  reach  the  island — to  such  a 
condition  was  a  crew  of  400  men  re- 
duced in  the  course  of  a  few  months  ! 

I  have  noticed  tlic  cutting  of  holes 
for  tlie  admission  of  air  between  decks, 
and  the  dejection  of  the  men.  The 
narrative  proceeds  to  say,  that  the 
commodore's  principal  attention  was 
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now  devoted  to  getting  the  sick  on 
I  shore,  as  they  wore  dying  fast  on  board, 
"  the  distemper  being  doubtless  consi- 
derably augmented  bij  the  stench  and 
filthine.»s  iti  which  they  lay  ;  for  few  could 
be  spared  to  look  after  them,  tvhich  ren- 
I  dered  the  ship  extremely  loathsome  be- 
I  tiveen  decks."     The  officers  suffered 
:  least,  as  being  the  best  fed  and  best 
lodged.    Within  a  year,  out  of  up- 
wards of  1200  men,  composing  the 
crews  of  the  squadron,  who  had  sailed 
from  England,  only  335  remained 
alive. 

Tiie  fate  of  the  Spanish  squadron, 
which  sailed  nearly  at  the  same  time, 
Avas  still  more  horrible.  The  Esper- 
anza,  of  50  guns,  lost  392  out  of  450 
men,  and  the  other  shijjs  almost  as 
large  a  proportion.  It  is  true  that, 
in  doubling  Cape  Horn,  they  encoun- 
tered the  severest  weather  and  the 
greatest  privations,  and  that  their  de- 
plorable fate  was  aggravated  by  these 
causes.  But  when  we  look  to  the  his- 
tory of  later  navigators,  in  circum- 
stances equally  trying,  it  is  impossible 
to  resist  the  gratifying  conviction,  that 
mortality  like  this  forms  no  part  of 
the  designs  of  a  beneficent  Providence, 
and  that,  for  the  best  of  purposes,  our 
safety  is  placed  to  a  great  extent  within 
the  limits  of  our  own  power.  The 
late  memorable  expeditions  of  Parry, 
of  Franklin,  and  more  especially  of 
Sir  John  Ross,  who,  with  few  resources, 
spent  upwards  of  four  years  in  the 
desolate  regions  of  the  north,  with 
scarcely  any  loss  of  life,  ^re  examples 
pregnant  with  meaning  to  all  who  are 
interested  in  the  future  progress  of 
man. 

It  may  be  said  that  the  climate  and 
the  situation  of  the  two  parties  were 
dissimilar,  and  that  Anson's  men  were 
less  healthy  at  the  commencement  of 
the  voyage.  In  some  respects,  the  ob- 
jection is  well  founded ;  but  Cook's 
second  voyage  round  the  world,  in 
1772,  affords  a  parallel  presenting  so 
many  points  of  resemblance  to  that  of 
Anson,  that  no  one  can  reasonably 
object  to  their  comparison.  On  this 
occasion,  the  vessels  selected  were  the 
Resolution,  carrying  112  men,  and 
the  Adventure,  with  a  crew  of  81. 


Enlightened  by  former  experience, 
Cook  spared  no  pains  to  effect  his 
equipment  in  the  completest  manner, 
and  to  lay  in  such  stores  of  clothing 
and  provisions  as  he  knew  to  be  use- 
ful in  preserving  the  health  of  those 
under  his  command.  Among  these 
were  malt,  sour  krout,  portable  broth, 
sugar,  and  wheat.  Care  was  taken 
to  expose  the  men  to  wet  as  little 
as  possible,  to  make  them  sliift  them- 
selves wiien  wet,  and  to  keep  their  j'cr- 
soHS,  hammocks,  bcddirt'j,  and  clothes, 
perfectly  clean  and  dry.  Equal  atten- 
tion was  paid  to  keep  the  sliip  clean 
and  dry  between  decks ;  once  or  twice 
a-week  it  was  aired  with  fires  ;  and  a 
fire  was  also  frequently  made  at  the 
bottom  of  the  well,  which  was  of  great 
use  in  purifying  tlie  air  in  the  lower 
parts  of  the  ship.  To  the  last  precau- 
tion too  great  attention  cannot  be  paid, 
as  the  least  neglect  occasions  a  putrid 
and  disagreeable  smell  below,  which 
nothing  but  fires  can  remove.  Fresh 
water,  vegetables,  and  fresh  provisions, 
were  also  eagei-ly  sought  for  at  every 
opportunity  ;  and  these  it  Avas  Captain 
Cook's  practice  to  oblige  his  people  to 
make  use  of,  by  both  authority  and 
example.  The  results  of  these  mea- 
sures we  shall  nove  see. 

The  two  ships  sailed  on  13th  July 
1772.  About  the  end  of  August, 
"  when  advancing  towards  the  south, 
the  rain  poured  down,  not  in  drops 
but  in  streams ;  and  the  wind  at  the 
same  time  being  variable  and  rough, 
the  people  were  obliged  to  attend  so 
constantly  upon  the  deck,  that  few  of 
them  escaped  being  completely  soak- 
ed."' But  although  rain  is  a  great  pro- 
moter of  sickness  in  Avarni  climates, 
the  airing  by  fires  between  decks,  and 
the  other  precautions,  were  so  effec- 
tual, that,  on  arriving  at  the  Cape  of 
Good  Hope,  only  one  man  was  on  the 
.«icfc  list;  whereas  we  have  seen  that 
after  a  similar  voyage,  the  Centurion 
arrived  on  the  coast  of  Brazil  with  80 
sick,  of  whom  28  soon  died.  As  we 
proceed  the  contrast  becomes  still  more 
striking.  On  22d  November  Cook 
sailed  from  the  Cape  in  search  of  a 
southern  continent.  On  the  29th  a 
I  violent  storm,  attended  with  hail  and 
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rain,  came  on  and  caused  the  loss  of 
most  of  their  live  stock  ;  and  a  sudden 
transition  took  place  from  warm  and 
mild  to  extremely  cold  and  wet  wea- 
ther, which  was  severely  felt  by  the 
people.    On  10th  December  they  met 
with  islands  of  ice  ;  and,  from  that 
time  till  the  middle  of  March,  con- 
tinued their  search  for  land  with  un- 
remitting diligence,  amidst  cold,  hard- 
ships, and  dangers,  such  as  we  can  form 
but  an  imperfect  idea  of ;  and,  at  last, 
on  26th  March,  after  heinfj  117  dnyK  at 
sea,  during  which  they  had  sailed  3660 
leagues,  they  came  to  anchor  in  Dusky 
Bay,  New  Zealand.      After  so  long  a 
voyage  in  a  high  southern  latitude," 
says  Dr  Ivippis,  from  whose  Life  of 
Cook  these  particulars  are  taken,  it 
might  certainly  have  been  expected 
that  many  of  Captain  Cook's  people 
would  be  ill  of  scurvy.  This,  however, 
was  not  the  case.    So  salutary  were 
the  effects  of  the  sweetwort  and  se- 
veral articles  of  provision,  and  esjie- 
cially  of  the  frequent  airiiufs  and  sweet- 
enimi  of  the  ship,  that  there  was  only 
one  man  on  board  who  could  be  said 
to  be  much  afflicted  with  the  disease  ; 
and  even  in  that  man  it  was  chiefly 
occasioned  by  a  bad  habit  of  body, 
and  a  complication  of  otlier  disorders." 

Can  any  thing  be  conceived  more 
demonstrative  of  the  advantages  to  be 
derived  from  investigating  and  obey- 
ing the  laws  of  health,  than  these 
splendid  results,  when  contrasted  with 
those  on  board  of  the  Centurion  ?  In 
the  Resolution,  cheerful  activity,  clean- 
liness, dry  pure  air,  adequate  clothing, 
and  a  suitable  regimen,  were  found  to 
carry  men  unscathed  thi'ough  hard- 
ships and  exposure  whicli,  in  the  Cen- 
turion, from  neglect  of  the  same  pro- 
tective means,  were  allowed  to  sweep 
off  a  large  proportion  of  the  crew. 
And,  as  if  on  purpose  to  place  the  ef- 
ficacy of  these  measures  beyond  a 
doubt,  it  appears  that,  in  the  month 
of  July  1773,  the  Adventure  had  many 
sick,  and  twenty  of  her  best  jnen  in- 
capable of  duty  from  scurvy  and  flux ; 
while  the  Resolution,  with  a  larger 
crevv^,hadnot  more  than  three  men  sick, 
and  only  one  of  them  from  scurvy. 
This  difference  in  the  state  of  health 


of  the  two  ships  was  distinctly  traced 
to  the  crew  of  the  Adventure  having 
eaten  few  or  no  vegetables  when  in 
Queen  Charlotte's  Sound  ;  while,  on 
board  of  the  Resolution,  Cook  was 
most  particular  in  enforcing  attention 
to  this  part  of  tlieir  dietetic  regimen. 

By  this  admirable  care  and  un- 
wearied watchfulness  on  the  part  of 
Cook  and  his  officers,  the  Resolution 
l)erformed  a  voyage  of  three  ykars 
and  eighteen  days,  through  all  climates 
from  52""  north  to  71°  south,  with  the 
loss  of  only  one  man  by  disease  out  of 
112.  And  in  his  last  voyage,  so  effi- 
caciously were  the  same  means  put  in 
practice,  that  his  ship  was  brought 
liomc  after  an  absence  of  four  years, 
without  the  loss  of  a  single  man  by 
disease. 

Lord  Xelson  is  said  to  have  been 
equally  successful,  and  to  have  spent 
three  years  on  the  West  India  station 
without  oue  life  having  been  lost  by 
disease.* 

Similar  results  were  obtained  by 
the  able  commanders  of  our  more  re- 
cent expeditions  to  the  Arctic  Regions. 
The  Fury  and  Hecla  were,  at  one 
time,  no  less  than  twentij-seven  months 
entirely  dependent  on  their  oivn  resources, 
before  scurvy  began  to  make  its  ap- 
pearance ;  and  at  the  end  of  28^ 
months  both  ships  returned  home  (in 
September  1823)  with  the  loss  of  only 
five  men — a  result  which,  a  century 
ago,  could  not  have  occurred,  and 
which,  even  at  the  present  day,  is  a 
remarkable  indication  of  the  talent 
and  humanity  of  the  officers  by  whom 
it  was  effected. 

Nothing,  in  fact,  could  have  been 
better  devised  than  the  means  pi-ac- 
tised  in  these  expeditions  to  preserve 
the  health  of  the  people ;  and  did  my 
limits  permit  it,  1  niiglit  illu«trnte  al- 
most every  principle  expountknl  in  this 
volume  by  a  reference  to  its  actual  ef- 
ficacy as  displayed  in  these  voyages. 
Not  only  were  the  conditions  of  health 
attended  to  as  regarded  the  skin,  the 
muscles,  the  bones,  the  lungs,  and  tlie 
digestive  organs,  but  the  health  of  the 
all-important  nervous  system  was  se- 

*  Sir  George  Ballingall's  Lcet.  on  Milit. 
Surg.,  p.  78. 
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dulously  provided  for  by  the  constant 
and  cheerful  occupation  of  the  people 
in  their  various  duties  and  amuse- 
ments ;  and  so  judiciously  were  these 
planned,  tiiat  a  spirit  of  life  and  ac- 
tivity extremely  favourable  to  the  pre- 
servation of  health  was  constantly  kept 
up,  and  had,  no  doubt,  great  influence 
in  producing  that  concord  and  unity 
of  feeling  among  them,  which  was  so 
conspicuous  amidst  all  their  priva- 
tions. 

The  beneficial  influence  of  these 
various  particulars  is  also  well  ex- 
emplified by  the  experience  of  Lord 
Collingwood.  In  a  letter  to  his  wife, 
dated,  Ocean, off  Toulon,  May  15, 1808, 
he  says  :  "  I  have  been  long  at  sea, 
have  little  to  eat,  and  scaixely  a 
clean  shirt ;  and  often  do  I  say,  Happy 
lowly  clown.  Yet,  with  all  this  sea- 
work,  never  getting  fresh  beef,  nor  a 
vegetable,  /  have  not  one  sick  man  in 

my  ship.    Tell  that  to  Dr  ."  His 

biographer  adds:  "The  attention  which 
Lord  Collingwood  paid  to  the  health  of 
his  men  has  been  already  mentioned ; 
but  it  may  be  added  here,  that  in  the 
latter  years  of  his  life  he  had  carried 
his  system  of  arrangement  and  care  to 
such  a  degree  of  perfection  that  per- 
haps no  society  in  the  world  of  equal 
extent  was  so  healthy  as  the  crew  of 
his  flag  ship.  He  had  usually  800  men; 
was  on  one  occasion  more  than  one 
year  and  a  half  without  going  into 
port,  and  during  the  whole  of  that 
time  never  had  more  than  six,  and 
generally  only  four,  on  his  sick  list. 
This  result  was  occasioned  by  his  at- 
tention to  dryness  (for  he  rarely  per- 
mitted washing  between  decks),  to  the 
frequent  ventilation  of  the  hammocks 
and  clothes  on  the  booms,  to  the  crea- 
tion of  as  much  circulation  of  air  be- 
low as  possible,  to  the  diet  and  amuse- 
ment of  the  men  ;  but,  above  all,  to  the 
contented  spirits  of  the  sailors,  who 
loved  their  commander  as  their  pro- 
tector and  friend,  well  assured  that  at 
his  hands  they  would  receive  justice 
and  kindness,  and  that  of  their  com- 
forts he  was  more  jealous  than  of  his 
own."* 

«  Correspondence  and  Memoirs  of  Lord 
Collingwood,  vol.  ii.,  p.  119. 


It  is  certainly  most  satisfactory  (as 
Sir  G  ilbert  Blane  remarks  in  one  of  his 
instructive  dissertations)  to  contem- 
plate the  mar.y  proofs  we  have  "  of  the 
substantial  benefits  that  have  accrued 
to  the  sea-service  in  the  last  forty 
years,  both  in  war  and  commerce,  in 
all  quarters  of  the  world,  from  the 
zeal,  humanity,  and  good  judgment 
disjJlayed  in  promoting  the  health  of 
seamen.  It  has  been  proved  that  it  has 
added  at  least  one-third  to  the  national 
force,  and  therefore  subtracted  in  the 
same  proportion  from  the  national  ex- 
penditure And  on  a  review  of 

this  subject,  in  all  its  extent  and  re- 
lations, it  will  appear  that  there  is  not 
probably  to  be  found  in  the  whole 
range  of  human  affairs  a  finer  illus- 
tration of  the  practical  benefits  of 
progressive  knowledge  in  promoting 
the  great  interests  of  mankind  :  so 
that  science,  while  it  lends  an  aid,  also 
sheds  a  grace  and  dignity  over  the 
useful  arts ;  nor  can  there  be  a  more 
striking  proof  of  the  maxim,  that  hu-  i 
manity,  like  every  other  moral  virtue, 
is  the  best  policy  ;  nor  could  we  light 
on  a  more  haf)py  example  to  elucidate 
that  subsidiary  influence  and  mutual 
dependence,  by  which  all  the  arts, 
sciences,  and  professions  have  a  mu- 
tual bearing  on  each  other,  conspiring 
to  bring  about  the  greatest  sum  of  hu- 
man enjoyment,  and  affording  a  field 
of  contemplation  in  which  cultivated, 
benevolent,  and  pious  minds  delight 
to  expatiate."* 

If,  from  these  examples  of  the 
power  of  skilfully  applied  knowledge 
we  turn,  for  a  contrast,  to  the  extra- 
ordinary prevalence  of  disease  at  the 
Millbank  Penitentiary  in  1823-4,  we 
shall  see  the  opposite  side  of  the  pic- 
ture, and  discover  how  much  misery 
may  flow  from  the  unintentional  ne- 
glect of  sound  physiological  principles 
in  some  of  our  civil  institutions.  At 
the  time  spoken  of,  intractable  affec- 
tions of  tlie  bowels,  and  other  insi- 
dious forms  of  disease,  were  so  general 

*  Dissert!\tion  on  the  Compavativo  Health 
of  tlie  British  Navy,  from  the  ycnr  1779  to 
the  year  1814, in  Select  Dissertations,  p.  3G. 
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in  the  penitentiary,  tliat  few  of  the 
prisoners  escaped  ;  and  a  parliamen- 
tary inquiry  into  their  causes  was 
ordered.  Great  discrepancy  of  opinion 
prevailed,  as  usual,  among  the  wit- 
nesses, from  each  giving  utterance 
rather  to  his  own  impressions  than  to 
opinions  founded  on  any  pliilosophical 
examination  of  the  circumstances.  But 
evidence  enough  was  brought  forward 
to  shew  that  several  great  errors  had 
been  committed.   In  the  first  place,  the 
penitentiary  itself  was  built,  at  an  enor- 
mous expense,  in  a  low  damp  situation, 
somewhat  under  the  level  of  the  high- 
est tides  in  the  Thames ;  so  that  the 
supply  of  dry  pure  air  is  always  im- 
perfect, and  the  atmosphere  at  night 
is  often  heavy  and  damp,  as  on  all  low 
grounds  in  the  neighbourhood  of  rivers 
and  half-covered  mud.    To  this  great 
and  permanent  source  of  debility  were 
added,  secondly,  a  very  low  and  inade- 
quate diet ;  and,  thirdhj,  the  influence 
of  constant  mental  depression,  arising 
partly  from  the  local  situation  of  the 
Jirisoners,  and  partly  from  the  mono- 
tonous confinement  and  labour  under 
too  scanty  a  supply  of  food.    In  such 
circumstances,  it  certainly  was  not 
wonderful  that  a  low  state  of  health, 
and  latterly  scurvy  and  bowel-com- 
plaints, should   make   such  general 
havoc. 

That  much  of  the  sickness  was  justly 
attributable  to  these  causes,  is  shewn 
by  the  perfect  immunity  enjoyed  for 
some  years,  both  by  the  othcers  of  the 
penitentiary  and  by  about  thirty  of 
the  prisoners,  who,  from  being  em- 
ployed in  the  kitchen  and  offices  of 
the  establishment,  were  less  subjected 
than  the  rest  to  the  debilitating  in- 
fluence; and  also  by  the  rapid  conva- 
le.scence  of  almost  every  one  out  of 
635,  when  removed  to  Woolwich  and 
the  Regent's  Park,  and  supplied  with 
a  more  nourishing  diet.  On  more 
minute  inquiry,  indeed,  it  appeared 
that,  instead  of  the  bad  health  having 
suddenly  begun  in  1823,  as  at  first 
supposed,  bowel-complaints  had  been 
extremely  prevalent  from  tlie  first 
I  opening  of  the  penitentiary  in  1816, 
and  had  continued  to  be  so,  though  in 
a  rather  less  degree,  down  to  that 


time;  so  that  the  causes  must  have 
been  inherent  in  it  from  the  begin- 
ning, and  only  became  aggravated  by 
the  farther  reduction  of  diet  which 
took  place  some  months  previously, 
and  by  the  inclemency  of  the  weather. 

This  opinion  has  been  corroborated 
by  subsequent  experience,  which  has 
shewn  that  the  inmates  of  the  peni- 
tentiary habitually  suffer   from  ill 
health  in  a  much  greater  degree  than 
those  of  the  other  prisons  of  London, 
and  that  epidemics  fall  upon  them 
with  peculiar  force.    In  18i8-49  the 
population  of  all  the  prisons  of  London 
amounted,  on  an  average,  to  4358,  of 
which  number  1006  were  in  the  peni- 
tentiary,   800    in    the  Westminster 
House  of   Correction,  and   the  re- 
mainder in  the  other  prisons.  During 
the  cholera  epidemic  of  these  years  the 
number  of  cases  in  the  penitentiary 
was  113,  and  the  number  of  deaths 
48 ;  and  in  the  House  of  Correction 
they  were  respectively  42  and  13. 
In  the  remaining  prisons,  the  average 
population  of  which  was  2452,  there 
occurred  three  cases  and  one  death.  The 
chief,  if  not  the  sole  cause,  of  this 
great  difference  of  disease  and  mor- 
tality appears  to  have  been  in  the 
condition  of  the  atmosphere.  The 
House  of  Correction,  like  the  peni- 
tentiary, lies  low,  and  suffers,  though 
not  to  an  equal  extent,  from  the  exha- 
lations of  the  river  and  the  impurities 
from  the  manufactories  in  theBorough.* 
This  atmospheric  impurity  was  aggra- 
vated, especially  in  the  case  of  the 
Penitentiary,  by  overcrowding  and 
deficient  ventilation  ;  for  a  better  state 
of   health    immediately  supervened 
when  the  number  of  inmates  was  di- 
minished.! 

The  prejudicial  influence  of  impure 
external  air  is  more  remarkable  in 
warm  climates  than  in  our  own,  owing 
to  the  greater  rapidity  with  which 

*  Tlie  sanitary  condition  of  the  House 
of  Correction  is  likely  to  be  amcUornted  by 
the  improvements  now  (1851)  being  carried 
on  in  its  neigliliourhood. 

t  For  further  details  see  Appendix  B  to 
Report  of  Bo:\rd  of  Ilealtli  on  Cholera  of 
1848-49,  p.  C4. 
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organic  matter  decomposes  under  the 
action  of  heat.  But  it  lias  been  fre- 
quently observed  with  wonder,  as  an 
exception  to  the  general  rule,  that 
persons  living  near  the  source  of  im- 
purity have  been  unharmed,  wliile 
others  at  some  distance  have  been  at- 
tacked with  fever.  Thus,  in  the  West 
Indies,  barracks  have  been  erected  at 
great  expense  in  high  and  open  situa- 
tions, in  the  expectation  that  they 
would  prove  remarkably  healthy,  but 
which,  to  the  surprise  of  the  projectors, 
have  turned  out  quite  the  reverse ;  the 
troops  occupying  them  being  frequent- 
ly decimated  by  disease,  while  the  in- 
habitants of  the  lower  lying  country 
escaped.  In  like  manner,  as  Dr  Her- 
bert Alayo''"'  has  observed,  "  the  neigh- 
bourhood of  \'ersailles  is  powerfully 
influenced  by  the  marshes  of  St  Cyr  ; 
and  at  Neuville-des-Dames,  above 
Chatillon  on  the  Indre,  fevers  are 
more  prevalent  than  those  close  to  the 
marshes  where  malaria  is  produced. 
The  most  extraordinary  instance  of 
the  kind  known  is  mentioned  by  Dr 
Macculloch  to  occur  at  Malta ;  the 
malaria,  which  is  originated  on  the 
beach  below  a  cliff,  produces  no  effect 
on  the  spot  itself,  while  it  affects,  even 
to  occasional  abandonment,  the  village 
situated  above." 

The  question  is  one  of  considerable 
importance,  as  its  complete  elucida- 
tion would  be  of  great  service  in  pre- 
venting future  errors,  and  in  saving 
many  valuable  lives.  It  is  thus  treated 
by  Professor  Caldwell,  who  has  had 
many  opportunities  of  studying  the 
subject: — "  I  have  been  often  asked 
the  reason  why  elevated  points  on  the 
banks  of  the  Mississippi  are  more  un- 
favourable to  health  than  low  ones? 
The  problem  is  difficult  of  solution; 
and  the  reply  to  the  question  must  be 
at  best  conjectural.  Between  malaria 
and  water,  especially  in  the  forms  of 
mist  and  dew,  there  appears  to  be  a 
strong  affinity.  During  the  day  that 
poison  rises  from  the  margin  of  the 
river  so  gradually,  and  in  such  a 
state  of  dilution,  as  to  do  no  injury  to 
those  on  the  lower  ground.  Having 

•  Philosophy  of  Living,  third  ed.,  p.  212. 


reached  the  summit  of  the  height,  and 
the  coolness  of  evening  and  night  hav- 
injr  come  on,  it  is  then  condensed  and 
precipitated  in  greater  concentration 
with  the  dews,  which  fall  most  co- 
piously if  not  alone  on  the  high  jjlaces, 
and  thus  sickens  those  with  whom  it 
comes  in  contact.  For  it  is  known  to 
be  chiefly  at  night  that  it  strikes  and 
does  mischief.  Hence  one  cause  of  the 
danger  of  exposure  during  late  hours. 
jMeantime,  those  who  reside  at  the  base 
of  the  bluff,  or  but  a  short  distance 
up  its  side,  are  visited  by  the  miasm 
in  a  much  less  concentrated  condition, 
and  hence  escape  its  daleterious  effects. 
For  the  same  reason  disease  prevails 
on  the  high  ground  constituting  the 
banks  of  ravines,  in  w^hich  water  stag- 
nates or  runs  slowly.  This  attempted 
solution  of  the  problem  is  offered  for 
only  as  much  as  it  may  be  deemed 
worth ;  and  I  am  ready  to  surrender 
it  in  excliangc  for  a  better,  as  soon  as 
it  shall  be  presented  to  me.  Some- 
what, however,  in  corroboration  of 
thi#  solution,  a  gentleman,  who  is  a 
very  close  and  accurate  observer,  has 
told  me,  that,  at  night,  when  the  at- 
mosphere on  the  heights  was  so  cool 
as  to  be  depositm^  its  deiv,  he  has  felt 
the  warm  air  from  below  ascending 
the  sides  of  the  bluffs  and  ravine- 
banks,  on  account  of  its  greater  levity ; 
and  that,  on  reaching  the  top,  it  be- 
came chilled,  and  precipitated  its  hu- 
midity also."* 

With  reference  to  the  powerful  effect 
of  the  state  of  the  mind  on  the  health, 
in  the  case  of  the  prisoners  removed 
from  the  Millbank  penitentiary  to 
Woolwich,  Dr  Latham  has  given  strik- 
ing evidence.  Speaking  of  the  women 
who  were  sent  on  board  of  one  of  the 
hulks,  he  says  that  individuals  were 
pardoned  from  time  to  time  for  good 
conduct,  and  that  recently  pardons  had 
become  very  numerous,  as  a  kind  of 
atonement  for  the  bad  health  to  which 
they  had  been  subjected.  But,  as  all 
had  nearly  an  equal  claim,  "  every 
one  pleased  herself  with  believing 
that  she  would  be  the  next  w  ho  would 

»  Thoughts  on  Hygiene,  by  Charles  Cald- 
well, M.D.,  p.  85. 
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be  set  at  liberty.  AVhenover,  tliere-  | 
fore,  an  individual  was  pardoned,  all  i 
the  rest  were  thrown  into  an  (igony  of 
the  bitterest  disappointment,  and  xverc 
at  the  same  time  overtaken  by  disease. 
It  was  not  a  mere  nervous  or  hyste- 
rical ailment,  but  some  actual  form 
of  real  disease,  srtch  as  they  had  be- 
'fore  siif/'errd,  and  requiring  the  strict- 
est medical  treatment  for  its  relief."* 

An  instructive  instance  of  the  man- 
ner in  which  life  is  occasionally  sa- 
crificed through  ignorance,  notwith- 
standing long-continued  eflbrts  to  as- 
certain tiie  cause  of  the  mortalitj^ 
has  recently  been  made  known  from 
the  experience  of  the  Lying-in-Hos- 
pital of  Vienna,  and  promises  to  be 
most  useful  in  checking  the  ravages 
of  a  malady,  which,  in  times  past,  has 
frequently  raged  as  an  epidemic,  car- 
rying desolation  into  homes  at  the 
very  moment  when  the  dearest  hopes 
seemed  about  to  be  realized.  We 
speak  of  puerperal  fever.  For  many 
years  it  had  been  remarked,  that  the 
proportion  of  deatlis  in  the  ilatornity 
Hospital  of  that  city  was  greatly  in 
excess  of  that  which  took  place  in  pri- 
vate practice ;  and  several  govern- 
ment commissions  had  been  at  inter- 
vals appointed  to  investigate  the  cause, 
but  without  success.  At  last,  on  the 
patients  being  divided  into  two  classes, 
one  of  which  was  attended  by  the  stu- 
dents of  the  university,  and  the  other 
by  females  who  were  being  educated 
as  midwivos,  it  was  remarked  with 
astonishment  that  the  mortality  in  tiie 
first  class  so  greatly  surpassed  that  in 
the  second,  that  in  about  an  equal 
number  of  deliveries  the  proportion 
of  deaths  .stood  as  600  to  32.+ 

Guided  by  tliis  astounding  fact,  M. 
Semelweis  guessed  that  tiie  cause  must 
somehow  be  connected  with  the  at- 
tendants, for  in  this  particular  only 
the  two  classes  differed.  He  saw  that 
the  students,  in  the  prosecution  of  their 
studies,  spent  much  of  their  time  in  the 
dissecting-room  and  in  the  wards  of  the 

<*  Account  of  the  Disea.se  hitely  prevalent 
at  the  General  PenitcntLiry,  by  Dr  Latham, 
p.  lt>2. 

t  Brit,  anil  For.  Med.-Chir.  Rev.,  Jan. 
1850,  p.  274. 


I  hospitals,  and  were  thus  constantly 
brought  in  contact  with  decaying  ani- 
mal matter  ;  while  tiie  niidwives  were 
not  exposed  to  these  sources  of  cnnta- 
minatiou.  Immediately  a  flood  of  light 
poured  in  upon  his  mind  as  to  the  cause 
of  the  disease,  and  orders  were  conse- 
quentlV  given  that  no  student  should  be  j 
admitted  into  the  Maternity  Hospital 
without  washing  liis  hands  in  a  solu-  { 
tiou  of  the  chloride  of  lime,  using  a  I 
nail-brush,  and  taking  every  precau- 
tion to  free  himself  from  animal  im- 
purities. These  measures  succeeded 
to  admiration — the  mean  mortality 
falling  from  10-70  per  cent,  to  1'27. 

In  July  1847,  tlie  Maternity  Hos- 
pital of  the  University  of  Kiel  was 
closed  on  account  of  the  ravages  of 
puerperal  fever,  and  had  scarcely  been 
reopened  in  November,  when  the  dis- 
ease again  appeared.  It  was  about  to 
be  closed  a  second  time,  when  intel- 
ligence of  the  precautions  taken  at 
Vienna  reached  Kiel.  They  were  im- 
mediately adopted,  with  success  so 
decided,  that  no  case  afterwards 
occurred/* 

It  is  well  known  that  sometimes  a  i 
fatality  appears  to  attend  a  practi- 
tioner, and  tliat  he  loses  several  cases 
from  puerperal  fever  in  rajiid  succes- 
sion. The  facts  now  quoted  may  in- 
dicate tlie  cause,  and  ought  deeply  to 
impress  ex  ery  medical  man  witii  the 
responsil)ility  wiiich  must  attach  to 
him,  if,  from  the  neglect  of  due  puri- 
fication, ho  carries  from  patient  to 
patient  the  seeds  of  so  intractable  a 
malady.  It  appears  to  be  produced 
by  the  introduction  into  the  system  of 
corrupt  animal  matter,  which  may  be 
derived  either  from  the  diseased  liv- 
ing body,  or  from  one  already  dead. 
Hence  practitioners  of  this  branch  of 
the  medical  art  should  guard  against 
every  possible  source  of  contamina- 
tion, and  not  merely  adopt  precautions 
when  they  have  been  engaged  in  the 
treatment  of  a  puerperal  case. 

In  looking  forward  to  a  still  greater 
diminution  of  disease  in  the  human 
family,  it  is  cheering  to  fix  attention 

»  Annates  d'Hygiene,  April  1851,  p.  28G. 
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on  what  has  been  already  accomplished 
by  the  hand  of  authority.  Had  the 
.same  individuals  who  circumnavigated 
the  globe  with  Cook,  or  braved  the 
northern  winters  with  Ross  and  Parry, 
been  left  for  an  equal  n  umber  of  years 
to  undergo  the  ordinary  vicissitudes 
of  life  at  liome,  unrestrained  In  their 
inclinations  and  conduct  by  the  con- 
stantly operating  and  beneficent  in- 
fluence of  a  superior  mind,  it  is  mo- 
rally certain  tiiat  disease  and  death 
would  have  made  greater  havoc  among 
them  than  was  actually  the  case  amidst 
physical  privations  and  sufferings 
much  greater  than  they  were  likely  to 
have  ever  encountered  at  home.  This, 
then,  is  additional  evidence  of  the 
2)ressing  necessity  of  diffusing  widely 
among  society  that  species  of  know- 
ledge which  has  proved  so  beneficial 
in  the  hand:.'  of  those  who  were  fortu- 
nate enougli  to  possess  it.  If  human 
health  and  happiness  bo  thus  effec- 
tually promoted  by  increased  atten- 
tion to  tlie  conditions  which  affect  the 
vital  and  animal  functions,  nothing 
can  be  more  useful  than  to  communi- 
cate to  every  intelligent  being  such  a 
measure  of  knowledge  as  will  enable 
him  to  do  for  his  own  safety  and  im- 
provement that  which  the  Government 
now  does  for  the  benefit  of  tliose  whose 
services  it  requires. 

It  cannot  be  too  much  impressed 
upon  the  mind,  that  health  is  the  na- 
tural and  intended  condition  of  the 
human  body,  and  that  all  deviations 
from  this  state  must  arise  from  causes 
having  their  origin  in  human  igno- 
rance or  neglect ;  disease  being  the 
evil  consequence  attached  by  an  all- 
wise  Creator  to  wilful  or  ignorant  dis- 
regard of  those  laws  which  have  been 
established  by  Him  as  essential  to  hu- 
man health  and  happiness.* 

Even  countries  whicli  are  esteemed 
unhealthy  by  Europeans  owe  their  bad 
character,  in  no  small  degree,  to  an 
ignorant  deviation  from  the  iiabits  of 
the  natives.  The  climate  of  India," 
says  Colonel  Sykes,  "  is  less  to  blame 
than  individuals ;  for  in  case  foreigners 

*  On  this  siibject,  see  ISrit.  find  Tor. 
Meii.-Cliir.  Ilfv.,  January  1850,  y.  2-.'.3. 


find  the  people  in  a  country  healthy, 
they  should  to  a  certain  extent  con- 
form to  the  habits  of  the  natives  to 
be  healthy  also."* 

When  Dr  Daniell  visited  the  Rio 
Formosa,  in  1839,  he  found  two  vessels 
moored  a  short  distance  from  its  mouth, 
one  of  which,  within  the  space  of  five 
months,  had  buried  two  entire  crews, 
a  solitary  person  alone  surviving;  the 
other,  which  had  entered  it  at  a  much 
later  period,  had  been  similarly  de- 
prived of  one  half  of  its  men,  and  the 
remainder  were  so  debilitated  as  to 
be  incapable  of  undertaking  any  active 
or  laborious  duty.  After  a  stay  of 
several  weeks,  the  ship  to  vvhich  he 
was  himself  attached  became  so  un- 
healthy, that  it  was  necessary  to  re- 
cross  the  bar  into  a  purer  atmosphere, 
the  ship  having  lost  one-third  out  of  a 
complement  of  eighteen  men.  "  And 
yet,"  says  Dr  Daniell,  "  amid  these 
regions  so  rife  with  disease  and  death, 
I  have  known  Europeans  reside  for  a 
number  of  years  in  the  enjoyment  of 
good  health,  from  the  simple  secret  of 
moderately  conforming  to  the  habits 
of  the  natives  as  regards  the  diet,  ex- 
ercise, and  attention  to  the  due  per- 
formance of  the  cutaneous  functions."t 

The  natives  of  India  are  prover- 
bially temperate,  and  in  the  following 
example  we  find  the  benefit  of  imi- 
tating them  in  this  resjiect  well  illus- 
trated by  the  experience  of  the  84th 
Regiment  of  H.M.  Foot,  which,  more- 
over, has  for  some  time  enjoyed  a  high 
reputation  for  good  moral  conduct. 
During  the  first  eight  months  of  the 
year  1846-7,  the  regiment  was  quar- 
tered at  Fort  St  Geoi-ge,  IMadras ;  it 
then  performed  a  march  of  between 
400  and  500  miles,  to  Secunderabad, 
in  an  unusually  wet  season,  the  roads 
being  in  some  parts  covered  knee-deep 
with  water.  The  medical  return  of 
the  regiment  for  the  year  gives,  for 
these  circumstances,  the  almost  unpre- 
cedentedly  low  number  of  thirteen 
deaths  in  an  average  strength  of  1072 

*  Journal  of  the  Statistical  Society,  vol. 
X.,  p.  124. 

t  Sketches  of  the  Medical  Topography 
and  Native  Diseases  of  the  Gulf  of  Guinea, 
p.  fin.    Lonil.  1849. 
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men,  being  at  the  rate  of  1'21  per  cent. ; 
whereas  the  average  mortality  of  all 
the  Eurojiean  troops  in  the  Presidency 
was  4:-21  per  cent.  Diirini;  the  year 
that  the  regiment  remained  at  Secun- 
derabad  (18-1:7-48)  its  mortality  was 
less  than  half  the  average  rate  at  that 
station  for  fifteen  years  previously. 
These  remarkable  facts  arc  ascribed  to 
the  abstinent  habits  of  the  soldiers,  a 
large  proportion  of  them  being  tee- 
totallers, and  those  who  were  not  so 
being  very  moderate  in  their  consump- 
tion of  alcoholic  liquors.* 

With  these  successful  and  cheering 
results  of  knowledge,  it  will  be  instruc- 
tive to  contrast  anotlier  instance  of  the 
fatal  effects  of  ignorance  in  a  situation 
where  knowledge  might  have  been 
effectual  in  preserving  life  and  sparing 
suffering.  I  shall  take  the  example fi-ora 
an  early  publication  of  Dr  James  John- 
son,! who  devoted  no  small  amount  of 
attention  to  the  subject  of  health  and 
the  causes  by  which  it  is  aff"ected,  and 
whoee  work  contains  much  valuable 
matter  connected  with  hygiene,  as 
well  as  with  the  history  and  cure  or 
disease.  In  treating  of  exercise,  and 
the  evils  of  its  excess,  Dr  Johnson 
says — "  I  shall  exemplify  this  reason- 
I  ing  by  an  instructive  lesson.  During 
i  the  late  war,  it  was  observed,  that,  in 
I  its  earlier  periods,  fever,  fluxes,  and 
scurvy,  made  the  greatest  havoc;  while 
in  its  middle  and  ulterior  periods, 
these  diseases  almost  disappeared,  and 
pneumoniaf  inllammation  of  the  lungs), 
with  its  too  frequent  consequence, 
PHTHISIS,  became  infinitely  more  pre- 
valent and  fatal.  Tiie  facts  were  ap- 
parent to  all,  but  the  causes  fowcould 
divine.  Some  of  our  chemical  wise- 
acres attributed  the  pneumonic  dia- 
thesis to  the  lime-juice  served  out ; 
but  this  hypothesis  need  not  detain 
us,  for  I  think  a  more  rational  expla- 
nation can  be  off"ered.  As  the  period 
of  warfare  was  lengthened  out,  dis- 
cipline gradually  became  more  per- 

•  Brit,  and  For.  Med.-Cliir.  Rev.,  Jan. 
1850,  p.  02-3. 

f  On  the  InHuencc  of  the  Atmosphere  on 
the  Health  and  Functions  of  the  Human 
Frame,  &c.    8vo,  '2d  edition,  p.  130. 


feet,  and  at  length  attained  its  acme. 
Every  evolution  was  now  performed 
with  a  rapidity  and  2)recision  that 
seemed  the  effect  almost  of  magic. 
All  machinery  and  apparatus  were 
not  only  so  arranged  as  to  give  human 
power  its  greatest  force  and  facility 
of  application,  but  human  strength 
was  put  to  its  ultimatum  of  exertion, 
and  every  muscular  fibre  of  the  frame 
called  into  furious  action,  during  each 
manoeuvre  of  navigation  or  war.  Thus, 
in  exercising  the  great  guns,  the  hea- 
viest jjieces  of  artillery  were  made  to 
fly  out  and  in,  or  wheel  round,  with 
almost  the  celerity  of  a  musket  in  the 
hands  of  a  fugleman.  The  most  pon- 
derous anchors  were  torn  from  their 
beds  with  astonishing  velocity  ;  while 
the  men  were  often  seen  lying  about 
the  decks  breathless  and  exhausted 
after  such  ultra-human  exertions  ! 

]]ut  reefing  and  furling  sails  were 
still  worse.  Here,  as  in  all  other  ope- 
rations, there  was  a  constant  struggle 
against  time.  The  instant  that  the 
word  'aloft'  was  given,  the  men  flew 
up  the  shrouds  with  such  agility,  that 
by  the  time  they  were  on  tlie  yards, 
the  respirations  were  nearer  fifty  than 
fifteen  in  a  minute  !  In  this  state  of 
anhelation  they  bent  across  the  yards, 
and  exerted  every  atom  of  muscular 
energy  in  dragging  up  the  sails  and 
securing  the  reef-lines,  while  the  tho- 
rax was  strained  and  compressed  up 
against  the  unyielding  wood  !  What 
were  the  consequences  ?  The  air-cells 
were  frequently  torn,  blood  oxtrava- 
sated ;  and  the  origins  of  cough  and 
hemoptoes  (spitting  of  blood)  con- 
tinually laid.  The  lungs  were  now  in 
a  proper  state  for  receiving  the  im- 
j^ression  of  aerial  vicissitudes ;  and 
constant  exposure  to  night  air,  to  rain, 
and  every  inclemency  of  the  season, 
soon  evolved  the  lonr/  black  catalogue  of 
pulmonic  and  phthisical  maladies,  which 
swept  off  our  men  in  vast  numbers,  to 
the  no  small  surprise  of  the  officers,  who 
could  not  divine  the  cause  of  this  new 
and  destructive  enemy. 

"  But  it  was  not  the  lungs  alone 
that  suff'ered  here.  The  central  organ 
of  circulation  bore  a  part  of  the  onus, 
and  a  host  of  anomalous  and  otherwise 
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inexi)lical)lc  symptoms  were  produced, 
which  completely  puzzled  the  naval 
practitioners,  who  rarely  sus2)ected  any 
lesion  of  tlie  heart.  Tlicse  last  affec- 
tions both  aggravated,  and  were  in 
their  turn  aggravated  by,  the  depress- 
ing passions  engendered  during  the 
long  confinemeut  on  ship- board,  and 
separation  from  friends  and  native 
home." 

I  hardly  need  to  point  out  how  much 
the  fatal  results  above  mentioned  miglit 
have  been  prevented,  had  the  officers 
possessed  even  a  superficial  acquaint- 
ance with  the  laws  of  I'cspiration  and 
of  muscular  action.  A  perusal  of  the 
chapters  on  these  subjects  will  enable 
the  reader  to  judge  for  himself,  and  to 
determine  whether  the  cause  of  the 
destruction  was  really  difficult  to  be 
divined.  It  is  impossible  indeed  to 
read  such  details  considerately,  with- 
out coming  to  the  conclusion  that  a 
general  acquaintance  with  the  consti- 
tution of  the  human  body  ought  to  be 
rendered  imperative  on  every  one  who 
is  entrusted  in  any  way  with  the  direc- 
tion of,  or  command  over,  any  of  his 
fellow-creatures.  Where  so  much  is 
necessarily  left  to  individual  discre- 
tion, the  possession  of  Ivnowledge  in  aid 
of  sound  sense  is  the  only  attainable 
security  against  abuses.  In  many 
situations,  some  knowledge  of  the  laws 
of  the  aniuial  economy  would  be  of  the 
greatest  use,  not  only  to  the  instructors 
of  youth  and  the  guardians  of  public 
institutions,  but  also  to  the  officers  of 
the  army  and  navy.  Independently  of 
all  other  considerations,  it  would  open 
to  them  a  field  of  interesting  study 
and  observation  iu  every  country  and 
under  every  climate,  which  could  not 
fail  to  procure  for  them  a  large  amount 
of  pleasure  and  instruction.  Dr.Jolin- 
son,  it  should  be  mentioned,  had  the 
Channel  and  North  Sea  fleets  chiefly 
in  view  in  his  remarks. 

It  was  at  one  time  very  common  to 
eulogize  the  simple  food  and  hardy 
habits  of  the  poor  and  labouring  classes 
as  eminently  conducive  to  health,  when 
contrasted  with  the  debilitating  effects 
of  the  cares  and  lu.xuries  of  the  rich  ; 
and  to  a  certain  extent  the  fashion  had 


some  foundation  in  truth.    Thus  if  we 
institute  a  comijarison  between  the 
ages  at  death  of  the  superior  portions 
of  the  working-classes  (such,  for  in-  i 
stance,  as  are  members  of  benefit-  j 
societies),  and  those  of  the  aristocracy,  [ 
tlie  result  appears  to  be  in  favour  of  j 
the  former.   Mr  Neison's  tables,  which 
are  constructed  from  the  experience  i 
of  benefit-societies,  shew,  for  example,  ; 
that  an  agricultural  labourer  at  the 
age  of  thirty,  has  an  expectation  of  , 
life  greater  by  nine  and  a  half  years,  t 
than  a  peer  of  tlie  same  age.*    Here  j 
"  simple  food  and  hardy  habits"'  give  [ 
a  decided  advantage  over  •'  cares  and  i 
luxuries;"'  but  the  case  becomes  widely  | 
different  when  the  comparison  is  ex-  | 
tended  to  the  rich  and  poor  as  great 
classes  of  the  community.  Theavcrage 
period  of  life  among  the  poor  is,  in 
the  first  place,  greatly  reduced  by  the 
frightful  mortality  among  thechildren, 
who,  in  consequence  of  their  more  deli- 
cate constitution,  suffer  more  readily 
than  adults  from  injurious  influences, 
and  who  may,  on  this  account,  be  re- 
garded as  a  sort  of  sanitary  barometer. 
In  the  second  place,  the  adults,  al- 
tliough  less  susceptible  than  children, 
are  unable  to  resist  without  injury  the 
debilitating  effects  of  ovcr-ci'ovvding 
and  defective  ventilation,  and  of  ex- 
cessive labour  in  conjunction  with  defi- 
cient or  innutritious  food.  Accord- 
ingly it  may  be  shewn  by  arithmetical 
arguments,  that  the  excess  of  work  j 
and  the  privations  to  w  hich  the  poor  | 
are  habitually  exposed,  produce  a  much 
higher  rate  of  mortality  among  them, 
especially  in  seasons  of  scarcity  or  com- 
mercial depression,  than  among  the 
richer  classes  of  society.    In  evidence 
of  this  fiict,  I  may  refer  to  a  table  j 
published   by  Dr  Casper  of  Berlin, 
shewing  the  influence  of  wealth  and 
poverty  upon  the  duration  of  human 
life,    lie  takes  from  the  register  of  | 
deaths  in  the  Almanack  of  Gotha  a  I 
thousand  names  belonging  to  the  faini-  ] 
lies  of  princes  and  dukes,  and  from  j 

I 

*  Brit,  and  For.  Mcd.-Chir.  Rev.,  January  I 
1848,  p.  1!).    Ste  also  Caipcnter's  Essay  on  ' 
Alcoholic  Liquors,  p.  8G,  for  tlie  mortality  ; 
of  the  membei-s  of  Friendly  and  Temper- 
ance Societies. 
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the  official  returns  of  the  population 
of  Berlin  a  tliousand  names  of  persons 
who  had  lived  upon  charity,  and  whose 
deaths  had  been  carefully  registered. 
Of  a  thousand  ricli  and  poor  there  were 
existing,  ^ays  he — 


KUli. 

I'oor. 

At  the  age  of  5  years, 
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10  ... 
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15  ... 
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584 

20  ... 

886 

66(> 

25  ... 

sr,-2 

553 

30  ... 

79l! 

527 

35  ... 

753 

486 

40  ... 

693 

446 

45  ... 

624 

396 

50  ... 

557 

33S 

55  ... 

464 

283 

60  ... 

393 

226 

65  ... 

318 
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65 
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57 

21 

85  ... 

29 

9 
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25 

4 

95  ... 

1 

2 
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0 
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In  strict  accordance  with  these  facts, 
it  appears,  from  the  returns,  that  t!ie 
mortality  among  the  children  of  the 
poorer  classes  in  Paris  is  nearly  double 
that  occurring  among  those  in  more 
affluent  circumstances  ;  wliile,  in  the 
wealthier  departments  of  France,  the 
average  of  life  is  twelve  years  greater 
than  in  those  which  are  poor.  Similar 
results  are  observed  in  J^ondon,  where, 
according  to  l)r  Granvilles  tables, 
only  5i2  infants  out  of  every  1000 
births  among  the  jjoor  survive  their 
second  year;  and  both  in  Paris  and  in 
London,  the  mortality  in  the  quarters 
inhabited  by  the  worlving-classes,  is 
proved  to  be  nearly  doulde  tliat  which 
occurs  in  those  inhabited  by  the  more 
wealthy.    The  influence  of  impover- 
ished diet,  defective  clothing,  and  un- 
favourable moral  position,  is  further 
strikingly  exhibited  among  the  chil- 
dren of  soldiers,  of  whom,  according 
to  Marshall,  only  a  very  small  propor- 
tion reach  the  age  of  manhood  ;  most 
of  them  being  stunted  in  their  growth, 


scrofulous  in  constitution,  and  bad  in 
morals.* 

If  such,  then,  be  the  disproportion 
which  occurs  between  the  rates  of 
mortality  in  tlie  difftn-eut  classes  of 
society  in  Great  Britain,  it  suggests 
some  most  important  considerations, 
the  first  of  which  is  the  simple  ques- 
tion, Whether  that  condition  of  the 
lower  orders  can  be  regarded  as  emi- 
nently prosperous  or  natural,  which 
subjects  thenj  to  be  cut  off  by  death  so 
many  years  before  the  term  allotted 
to  those  by  whom  they  arc  employed  ? 
It  also  illustrates,  strikingly,  w'hat  I 
have  said  about  bad  health  being  more 
frequently  the  result  of  gradual  causes 
long  in  unperceived  operation,  than  of 
any  sudden  or  accidental  exposure ; 
and  proves  that  a  mode  of  life  or  de- 
gree of  labour  is  not  to  be  rashly  pro- 
nounced harmless,  merely  because  its 
injui'ious  effects  are  not  immediately 
seen,  and  because  years  may  elapse 
before  it  breaks  down  the  constitution. 
It  is  blindness  to  tlie  existence  of  this 
principle  w^hich  still  misleads  man- 
kind, and  renders  them  insensible  to 
the  agency  of  numerous  hurtful  influ- 
ences, from  which,  by  a  little  exertion, 
tliey  might  easily  be  relieved. 

Still  it  is  cheering  to  observe  that, 
on  the  whole,  the  condition  of  society 
is  steadily  improving.  We  have  al- 
ready mentioned  the  general  decrease 
of  the  mortality  of  London,  and  may 
here  shortly  notice  the  result  of  the 
late  researches  of  M.  Ch.  Dupin  on 
the  longevity  of  the  inhabitants  of 
France.  From  tliese  it  appears  that 
the  present  average  duration  of  life 
amonff  all  the  classes  of  the  French 
])opulation,  is  higher  than  it  was  in 
the  first  half  of  last  century  among 
picked  lives  taken  from  the  ranks  of 
individuals  of  independent  means. f 
In  these  simple  facts  is  chronicled  a 
vast  advance  in  social  progress  ;  but 
still  it  cannot  bo  denied,  that  in  indi- 
vidual cities  and  individual  districts 
of  cities,  the  public  health  lias  of  late 
years  rather  deteriorated  than  im-  j 
proved.    Thus  we  have  seen  that  the  ! 

*  Marshall  on  FnlLstiii?,  Sec,  p.  16.  | 
t  AnnaU's  d'Hygiene    Publique,  April  i 
1849,  p.  451. 
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late  cholera  epidemic  carried  off  a 
larger  proportion  of  victims  in  London 
than  tliat  of  1832,  and  the  census  of 
18iH  has  just  shewn  that  during  the 
last  ten  years  an  excessive  mortality 
has  prevailed  in  Glasgow,  reducing, 
along  witli  other  causes,  tlie  popula- 
tion many  thousands  below  the  num- 
ber which  had  been  calculated. 

Much  angry  discussion  has  taken 
place  at  different  times  as  to  the  rea- 
lity of  tlie  mischief  inflicted  by  the 
protracted  and  unremitting  exertion 
required  in  our  factories  and  spinning- 
mills,  where  an  unerring  test  miglit 
easily  be  found.    If  those  who  contend 
that  the  hours  of  labour  are  not  too 
long  for  either  tlie  children  or  tlie 
adults,  could  produce  evidence  to  shew 
that,  among  operative  cotton  and  flax- 
spinners,  for  example,  the  average  of 
life  is  equally  high  as  among  the  ap- 
parently n>ore  favoured  classes,  there 
would  be  at  once  and  for  ever  an  end 
of  the  argument;   while,  should  the 
result  pi'ove  different,  the  system  of 
labour  may  justly  be  deemed  oppres- 
sive, in  t!i(!  precise  ratio  in  which  the 
mortality  among  the  operatives  ex- 
ceeds   that   among   their  wealthier 
countrymen.    'No  criterion  can  be  so 
infallible  as  the  one  here  proposed; 
and  as  the  Government  now  possesses 
the  means  of  obtaining  accurate  re- 
turns, it  is  very  desirable  that  the  fact 
should  be  tested.    In  the  first  two  re- 
ports of  the  Ilegistrai'-Gencral,  a  com- 
parison is  made  between  tlie  mortality 
of  town  and  couiitrj'  districts,  which 
shews  the  superioritj'  to  be  greatly 
in  favour  of  the  country,     liut  as 
no  attempt  is  made  to  separate  the 
mortality  among  the  manufacturing 
population  from  that  of  the  poor  gene- 
rally, data  are  still  wanting  to  decide 
the  question  conclusively.  The  French 
returns,  however,  are  more  specific, 
and  they  afford  direct  evidence  of  both 
diminished  stature  and  an  increased 
mortality  as  results  of  the  introduc- 
tion and  spread  of  manufactures  ;  and 
I  wish  much  it  were  in  my  power  to 
lay  some  of  them  before  the  reader. 
As  it  is,  I  can  only  refer  to  the  excel- 
lent work  of  Villerme  on  the  physical 


and  moral  condition  of  the  manufactur- 
ing po])ulation  of  France,  as  a  store- 
house of  valuable  information  bearing 
directly  upon  the  question  at  issue. 

Everything  which  tends  etrongly  to 
call  attention  to  the  conditions  which 
influence  public  and  individual  health, 
is  calculated  to  do  great  good  to  the 
community.    In  this  point  of  view,  I 
am  disposed  to  consider  the  visitations 
of  cholera  to  the  i5riti.sh  Isles,  rather 
as  among  those  remarkable  instances 
in    which    a   beneficent  Providence 
brings  good  out  of  evil,  and  converts 
an  apparent  calamity  into  a  positive 
blessing,  than  as  the  public  scourges 
which  they  were  generally  proclaimed 
to  be.    True  it  is  that  many  indivi- 
duals perished,  and  that  others  suffered 
by  it  in  their  affections  and  in  their 
worldly  circumstances  ;  but  I  question 
if  any  thing  short  of  the  dread  which 
cliolera  produced,  could  have  combined 
all  classes  so  efficiently  and  ardently 
in  their  efforts  to  discover  and  remove 
every  thing  in  the  condition  of  the 
poor  and  labouring  portions  of  the 
commui'.ity,  wliich  could  prove  detri- 
mental to  health.   In  the  season  of  ap- 
parent danger,  not  only  did  the  im- 
portance of  cleanliness,  ventilation, 
warmth,  clothing,  and  nourishment, 
as  preservatives  of   health,  become 
manifest  to  minds  on  which  nothing 
else  could  have  made  an  impression ; 
but  their  experienced  efficacy  gave  an 
impetus  to  the  exertions  of  the  lower 
orders  in  their  own  behalf,  which,  it 
is  hoped,  will  continue  to  be  produc- 
tivettf  good  long  after  the  cause  from 
which  it  sprung  shall  be  forgotten.  'As 
yet,  however,  it  must  be  confessed,  this 
hope  has  received  but  little  encourage- 
ment from  any  actual  deeds.    But  the 
lower  orders  themselves  can  scarcely  be 
expected  to  continue  exertions  which 
arequickly  relaxed  by  the  authorities  to 
whose  care  the  public  welfare  is  com- 
mitted.  "  It  has  already  been  stated,'" 
says  Mr  Grainger,  "  that  in  several 
parishes,  in  consequence  of  the  reports 
cither  of  the  inspectors  of  nuisances 
or  of  the  visitors,  improvements  and 
cleansing  operations  were  effected  by 
the  local  authorities ;  but  it  is  proper 
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to  explain,  it  is  the  concurrent  opinion 
both  of  the  medical  inspectors  and 
visitoi'S  that  these  proceedings  will  not 
be  permanent;  and  in  corroboration 
of  the  correctness  of  this  conclusion,  I 
may  state  that,  in  most  of  the  parishes 
where  during  the  epidemic  inspectors 
of  nuisances  were  appointed  by  the 
guardians,  these  officers  have  since 
been  dismissed.  Unless,  therefore, 
some  other  measures  be  adopted,  it  is 
certain  that  in  the  most  populous  and 
poor  districts  a  return  to  the  old  state 
of  things  will  speedily,  if  indeed  it  has 
not  already  taken  place."*  We  have 
seen  above  (p.  319)  how  fully  Mr 
Grainger's  fears  have  been  realised  at 
Bristol ;  and  there  is  too  much  reason 
to  fear  that  this  apathy  will  continue 
till  instruction  in  the  laws  of  health, 
and  training  to  the  habitual  observance 
of  them,  shall  form  a  part  of  the  educa- 
tion of  the  people,  who  can  only  thus 
be  enabled  to  apprehend  the  connec- 
tion between  the  causes  of  disease  and 
its  actual  appearance. 

The  comparative  exemption  of  the 
wealthier  classes  from  cholera  is  itself 
sufficient  to  shew  how  much  it  is  in 
the  power  of  man,  by  the  proper  ex- 
ercise of  reason  and  the  application  of 
his  knowledge,  to  obviate  the  dangers 
to  which  his  health  is  exposed  ;  how 
closely  his  bodily  welfare  is  dependent 
on  his  own  conduct  and  external  situ- 
ation ;  and  how  very  little,  compara- 
tively, it  is  the  result  of  circumstances 
which  he  cannot  control  or  modify. 
Never  was  this  truth  more  strikingly 
exhibited  than  during  the  frightful 
prevalence  of  cholera  at  Kurrachee  in 
June  1846.  Within  the  first  three 
days  one  regiment  lost  18-t  men.  while 
of  all  the  officers  stationed  there,  only 
three  died  during  the  whole  epidemic. 
The  very  fact  that  the  officers  thus 
escaped  when  the  men  sufl'ered  so  se- 
verely, shews  tliat  the  causes  of  this 
excessive  mortality  were  rfcmovable, 
and  that  the  men  might  have  been 
protected  from  them  much  more  than 
they  were.  According  to  the  news- 
papers, continued  exposure  to  intense 
heat  and  a  moist  atmosphere,  sheltered 
Appendix  (H)  to  Koard  of  Health's 
Report  on  the  Cholera  of  ISIS-L',  p.  169. 
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only  by  tents  instead  of  barracks,  and 
the  want  of  wholesome  food,  were  the 
principal  sources  of  the  mortality  ;  and 
this  is  rendered  the  more  probable, 
because  both  of  these  are  conditions 
against  Vvhich  the  officers  would,  from 
their  private  resources,  be  much  more 
able  to  protect  themselves  than  the 
privates.  In  strict  accordance  with 
this,  also,  it  will  be  readily  admitted 
by  every  one  who  has  investigated  the 
subject  with  attention,  that,  but  for 
the  estublishment  of  soup-kitchens,  the 
supplies  of  warm  clothing,  and  the 
whitewashing,  cleaning,  and  ventilat- 
ing of  the  houses  of  the  poor,  before 
and  during  the  epidemics,  a  much 
greater  number  would  have  fallen  vic- 
tims to  its  ravages.  And  it  is  consol- 
ing to  know,  that  even  those  who  re*- 
gard  such  visitations  as  direct  inflic- 
tions of  an  offended  Providence,  and  as 
nowise  connected  with  mere  neglect 
of  the  laws  of  health,  were  neverthe- 
less not  the  least  active  in  enforcing 
and  superintending  the  remftval  of 
every  external  cause  of  disease,  and 
promoting  the  comforts  and  supplying 
the  wants  of  the  needy  and  destitute ; 
so  that  whatever  differences  in  mere 
belief  there  might  be,  all  parties  were 
content  to  act  as  if  the  Creator  had 
intended  the  health  of  the  race  to  de- 
pend, in  a  very  high  degree,  on  the 
care  which  was  taken  to  fulfil  the  con- 
ditions which  He  has  decreed  to  be 
essential  to  the  due  action  and  preser- 
vation of  the  various  bodily  organs. 

Many  individuals  exist,  who,  from 
hereditary  deficiencies,  can  scarcely 
attain  tolerabli?  health,  even  with  the 
best  care ;  and  many  more  are  to  be 
met  with  wlio  are  exposed  to  bad 
health  from  the  hurtful  nature  of  the 
professions  in  v.-hich  tliey  are  engaged. 
Many  suffer,  also,  from  vicissitudes  of 
the  weather,  from  the  nature  of  the 
country  they  are  called  on  to  inha- 
bit, and  from  other  causes  which  it 
may  never  be  possible  entirely  to 
guard  against.  But  all  such  sufferers 
united  are  few,  when  compared  to  the 
number  of  those  whose  health  is  ruined 
by  causes  capable  of  removal  or  of 
modification,  and  to  which  they  are 
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now  e.\i)ose(l  from  ignorniice  of  their 
nature,  from  apatliy,  or  from  the  want 
of  the  comforts  and  necessaries  of  life. 
If  I  have  succeeded  in  calling  atten- 
tion to  this  important  truth,  one  great 
object  of  those  pages  will  be  accom- 
plished ;  and  Iicre  I  cannot  help  re- 
peating the  remark  already  made  more 
than  once,  that  health  is  more  frequently 
undermined  by  the  (jradual  operation 
of  constant  thoufih  disrejarded  causes, 
than  ly  any  f/reat  or  marked  exposures 
of  an  accidental  kind,  and  is  conse- 
quently more  effectually  preserved  by 
a  judicious  and  .stt'ady  observance  of 
the  organic  laws  in  daily  life,  than  by 
exclusive  attention  to  any  particular 
function,  with  neglect  of  all  the  rest. 

It  may  be  said  that  I  allow  nothing 
for  the  influence  of  habit  in  rendering 
situations  and  causes  comparatively 
innocuous,  which  were  dangerous  at 
first.  It  is  quite  true  that  the  liuman 
constitution  possesses  a  power  of  adapt- 
iner  itself  within  certain  limits  to  a 
change  of  circumstances  ;  but  it  is  not 
less  true  that  the  constant  action  of  an 
apparently  slight  injurious  influence 
is  sufficient  in  the  end  to  sap  the 
strength  of  the  healthiest  constitution. 
The  experience  of  the  French  army  in 
Algeria,  and  of  our  own  in  the  East 
and  AVest  Indies,  shews  that  during 
the  first  years  the  health  of  the  soldiers 
is  better  than  it  subsequently  becomes. 
The  mortality  increases  as  the  stay  is 
prolonged,  and  clearly  proves  that  any 
advantage  that  may  be  derived  from 
acclimatisation  is  more  than  neutra- 
lised by  the  habits  of  tlie  soldiery  not 
being  in  accordance  with  their  altered 
external  circumstances.  In  the  pre- 
sent state  of  our  knowledge  it  is  im- 
possible to  say  whether,  by  drainage 
and  other  sanitary  measures,  intertro- 
pical countries  may  be  rendered  in- 
nocuous to  the  Fjuropean  constitution ; 
but  it  is  a  curious  fact,  and  one  which 
existing  science  is  incapable  of  explain- 
ing, that  the  negro  can  withstand, 
comparatively  without  injury,  the 
noxious  action  of  a  climate  which 
proves  most  fatal  to  Europeans.  This 
was  exemplified  during  the  Niger  ex- 
pedition in  1841  and  1842.  The  three 
steamers  which  were  employed,  were 


fitted  up  with  all  precautionary  means 
to  ensure  the  health  of  their  crews, 
whicli  consisted  of  145  wliites  and  158 
blacks.  Of  the  latter,  133  were  en- 
tered on  the  coast  of  Africa  ;  the  re- 
maining 25  were  entered  in  England, 
and  were  natives  of  the  AVest  Indies, 
the  United  States,  &c.,  and  many  of 
them  had  been  absent  from  tropical 
climates  for  many  years.  Of  the 
whites,  130  were  attacked  with  fever 
on  the  Niger,  and  40  died  :  of  the  na- 
tive blacks,  not  one  was  attacked  ;  but 
of  tlie  25  others,  11  contracted  fever, 
though  none  died.  The  power  of  ac- 
climatisation is  here  apparent  in  the 
protection  wliich  the  native  blacks  en- 
joyed over  the  otliers  ;  and  the  protec- 
tive power  of  race,  again,  appears  in 
the  com])arative  protection  enjoyed  by 
the  foreign  blacks  over  the  whites. 
How  far  the  different  habits  of  these 
three  classes  may  liavc  led  to  these  re- 
sults we  cannot  say,  but  it  has  been 
seen  above  that  Dr  Daniell  ascribes 
the  great  mortality  of  Europeans  on^ 
the  coast  of  Guinea  to  their  not  con- 
forming to  the  habits  of  the  natives. 

AVhile,  therefore,  it  cannot  be  de- 
nied that  sudden  and  extreme  changes 
often  destroy  life  before  the  system 
can  adapt  itself  to  the  exigency,  it 
seems  evident  that  the  protective 
power  ascribed  to  acclimatisation  must 
be  sought  chiefly  in  the  adoption  of 
the  habits  which  experience  lias  pointed 
out  as  afl'ording  the  best  protection 
against  the  influence  of  the  active 
causes  of  disease. 

Where  the  change  is  sudden,  as  in 
passing  from  a  temperate  to  a  tropical 
climate,  or  even  from  very  fine  to  very 
inconstant  weather,  it  is  well  known 
to  be  extremely  trying  to  the  health. 
But  where  it  is  gradual  and  not  ex- 
treme in  degree,  as  in  passing  from 
winter  to  summer,  health  is  not  much 
endangered,  because  the  system  has 
time  to  accommodate  itself  to  its  new 
circumstances.  Different  organs  pre- 
dominate in  activity  in  diff"erent  cli- 
mates and  seasons,  and  time  is  thus 
required  to  admit  of  the  necessary 
changes  taking  place  without  disturb- 
ing the  general  balance  of  the  circula- 
tion.   In  hot  countries,  for  example. 
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the  skin  and  liver  predominate  greatly 
in  activity  in  comparison  with  the 
kidneys  and  lungs ;  whereas,  in  a  cold 
country,  the  case  is  completely  re- 
versed. If,  therefore,  a  sudden  tran- 
sition be  made  from  the  one  to  the 
other  without  due  preparation  and  at- 
tention to  the  requisite  change  of  dress, 
the  rapid  change  in  the  distribution 
of  the  blood  from  the  surface  to  the 
internal  organs,  or  from  these  to  the 
surface,  consequent  on  such  change,  is 
likely  to  be  attended  with  danger ; 
although  the  same  change  gradually 
effected  would  be  unattended  with  any 
injurious  results. 

If,  again,  the  change  be  from  a 
!  healthy  situation  to  one  only  a  little 
less  favourable,  the  consequences  to 
the  svstem  will  be  also  gradual  and 
progressive.  No  immediate  injury  to 
health  may  be  apparent,  and  the  body 
may  be  said  to  adapt  itself  to  the  cir- 
cumstances ;  but,  in  reality,  health 
will  be  lowered  and  life  shortened,  in 
exact  proportion  to  the  amount  of  the 
injurious  exposure  and  the  state  of  the 
system  at  the  time.  Individuals  of 
a  peculiar  constitution  may  live  long, 
but  the  average  of  health  and  life  will 
be  positively  diminished — a  fact  which 
shews  that  the  apparent  exception  is 
more  a  fallacy  than  a  reality,  and  that, 
ccetcris  paribus,  the  highest  health  and 
greatest  vigour  tvill  ahvays  he  on  the  side 
of  those  who  make  the  nearest  approach 
to  the  fnlfi-lment  of  the  organic  laws. 

It  is  therefore  a  glaring  perversion 
of  logic  and  reason  to  infer  that  we 
may  safely  rest  satisfied  with  a  limited 
portion  of  evil,  on  the  plea  that  the 
constitution  will  adapt  itself  to  the 
I   injurious  agents  around  us.  The  argu- 
ment ought  to  be  turned  in  exactly 
I   the  opposite  direction.    If  the  consti- 
I  tution  possesses  this  power  of  adapta- 
I  tion  to  external  circumstances,  we  are 
'   doubly  bound  to  have  it  always  sur- 
rounded with  beneficial  influences  ;  see- 
j  ing  that,  when  the  laws  of  health  shall 
I  be  fulfilled,  the  same  tendency  to  adap- 
tation will  operate  with  equal  force  in 
permanently  ameliorating  the  constitu- 
tion.   In  every  point  of  view,  there- 
fore, it  is  an  object  of  much  conse- 
quence to  us  to  become  acquainted 
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with  and  adapt  our  conduct  to  all  the 
laws  of  tlib  animal  economy. 

It  would  be  easy,  were  it  consistent 
with  the  limits  and  purpose  of  the  pre- 
sent volume,  to  show,  that  although 
great  advances  have  been  niade  of  late 
years  both  in  physiological  knowledge 
and  in  its  applications  to  the  promo- 
tion of  human  happiness,  many  of  the 
usages  current  in  society,  and  many  of 
tlie  practices  resorted  to  in  education, 
are  still  far  from  being  in  harmony 
with  the  laws  of  the  human  constitu- 
tion ;  and  that  mucli  good  may  be 
done  by  diffusing  among  the  reflect- 
ing portion  of  mankind,  and  especially 
among  tlie  young,  more  accurate  no- 
tions of  the  structure  and  uses  of  the 
various  bodily  organs,  and  of  the  con- 
ditions required  for  their  healthy  ac- 
tion. Illustrations  in  proof  of  this 
position,  drawn  from  individual  cases, 
may  be  cavilled  at  as  incomplete,  or 
regarded  as  accidental  coincidences ; 
but  wlien  the  principle  is  exhibited  in 
active  operation  on  a  large  scale,  minor 
qualifications  fall  into  the  shade,  and 
leave  the  evidence  absolutely  unassaU- 
ablo.  Many  cases  where  the  lesson 
cannot  possibly  be  misunderstood,  have 
already  been  addur-ed  in  the  preceding 
pages ;  and  I  shall  add  hei-e  an  ex- 
ample from  the  records  of  the  army, 
both  as  being  striking  in  its  features, 
and  as  being  one  in  which  the  public 
interest  is  deeply  involved. 

A  few  years  ago,  young  growing 
lads  were  uniformly  selected  for  the 
army,  in  preference  to  men  of  a  ma- 
tui'c  age,  on  the  supposition  that,  be- 
cause their  habits  were  not  formed, 
they  could  more  easily  be  converted 
into  good  soldiers  than  if  taken  a  few 
years  later.  Many  officers  still  enter- 
tain and  act  upon  this  opinion  ;  and 
the  period  at  which,  by  law,  liability 
to  military  service  commences  in  this 
country,  remains  fixed  at  eighteen 
years  of  age,  although  it  lias  been 
raised  to  twenty  by  luost  of  the  Con- 
tinental governments. 

Examined  physiologically,  tlio  prac- 
tice of  enlisting  juvenile  recruits  seems 
peculiarly  irrational.  1  )uring  growth, 
the  conditions  required  for  the  healthy 
development  of  the  body  are,  mpde- 
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rate  and  healthy  exercise,  plenty  of 
nourishing  food,  abundance  £)f  sleep, 
and  a  cheerful  state  of  mind.  In 
making  the  transition  from  boyhood 
to  maturity,  the  equilibrium  of  action 
between  the  different  parts  of  the  sys- 
tem is  so  much  disturbed,  that  even  un- 
der the  most  favourable  circumstances 
an  unusual  susceptibility  of  disease 
prevails,  vphich  renders  that  period  of 
life  particularly  dangerous.  By  con- 
sulting the  statistical  tables  prepared 
by  Mr  Finlaison,  and  those  of  the  po- 
pulation of  Paris,  already  referred  to 
(p.  218),  it  will  be  seen  that,  in  all 
classes  of  society,  the  rate  of  mortality 
suddenly  increases  from  the  age  of 
fourteen,  when  rapid  growth  may  be 
said  to  commence,  to  that  of  twenty- 
three,  when  it  is  nearly  completed. 
This  truth  will  be  made  still  more 
evident  by  the  following  extract  from 
the  Mortality  Table  of  Berlin,  con- 
structed, on  an  average  of  12  years, 
by  Professor  Casper.* 


Of  all  tlio 

Annual  Ntmnber  of 
Deaths. 

Persons  Livinrr 
at  these  A;res,  one 
Dies  in 

Male. 

Female. 

Male. 

Female. 

15 

70 

73 

276 

230 

16 

102 

86 

189 

105 

17 

109 

118 

176 

141 

18 

14G 

122 

131 

136 

19 

183 

139 

103 

118 

20 

277 

184 

68 

88 

21 

373 

153 

49 

105 

22 

428 

169 

42 

94 

23 

364 

188 

49 

84 

Here  also,  the  rate  of  mortality 
begins  to  fall  at  twenty-three,  and 
does  not  regain  the  same  height  till 
towards  the  fortieth  year. 

Viewing  these  results  in  connection 
with  the  laws  of  the  animal  economy, 
andbearinginmind  that, even  in  peace, 
military  service  implies  broken  sleep, 
separation  from  friends,  and  occasional 
exposure  to  fatigue  and  privation,  we 
must  consider  it  almost  self-evident, 
that  an  army  composed  of  young  lads 
at  this  hazardous  period  of  life  must  be 

*  Die  Wahrsclieinliche  Lebensdauer  des 
Menschen.    Berlin,  1835. 


sickly  and  inefficient,  and  that  a  large 
portion  of  the  expense  and  trouble 
bestowed  in  enlisting  and  training 
them  must  be  entirely  thrown  away. 
That  such  is  actually  the  fact,  has  un- 
fortunately been  too  often  proved  by 
fatal  experience.  Dr  Marshall,  in  the 
valuable  work  already  quoted,  adduces 
an  irresistible  mass  of  evidence  to  shew 
that,  till  growth  is  completed,  it  is  im- 
possible to  form  any  correct  estimate 
of  the  probable  efficiency  of  a  recruit; 
as  numbers  of  apparently  promising 
young  men  are  cut  off  by  affections  of 
the  chest,  and  other  acute  diseases, 
before  attaining  maturity,  and  before 
being  exposed  to  any  unusual  priva- 
tions or  fatigue.  So  literally  accurate 
is  this  statement,  that  Coche,  a  high 
French  authority  referred  to  by  Dr 
Marshall,  mentions  distinctly,  that 
even  in  time  of  peace,  when  no  great 
hardships  are  to  be  encountered,  vo- 
lunteers, received  into  the  array  at  the 
age  of  eighteen  or  twenty,  pass  two, 
three,  or  four  years  of  their  period  of 
service  in  hospital,  solely  from  ina- 
bility to  bear  up  against  difficulties 
which  scarcely  affect  those  who  are  a 
few  years  older. 

The  French  soldier  joins  the  army 
at  20,  and  remains  in  service  for  seven 
years.  The  mortality  in  different 
years  during  this  period  is  shewn  by 
the  official  returns  to  be  : — 

Per  cent. 

During  the  first  year  at  the  rate  of  7^ 


second  ...  6^ 

third  ...  5^ 

fourth  ...  4^ 

fifth  ...  3 

sixth  ...  2 

seventh  ...  2* 


These  figures  are  remarkably  corrobo- 
rative of  our  doctrine  ;  and  if  such  be 
the  results  during  peace,  the  practice 
in  time  of  war,  of  enlisting  very 
young  men,  cannot  fail  to  be  highly 
prejudicial  to  the  recruits,  and  costly 
to  the  country.  Dr  Rush  mentions 
among  the  facts  observed  by  him  dur- 
ing the  American  War  of  Independ- 
ence, that  "  young  men  under  twenty 

«  Annales  d'llygiene  Publique,  April 
1849,  p.  242. 
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years  of  age  were  subject  to  the 
greatest  number  of  camp-diseases  ;" 
while  "  men  above  thirty,  and  live-and- 
thirty  years  of  age,  were  the  hardiest 
soldiers  in  the  army.'*  It  appears, 
also,  that,  in  the  British  army  in 
Spain,  sickness  and  inefficiency  pre- 
vailed almost  in  proportion  to  the 
youth  and  the  recent  arrival  of  the  sol- 
diers. Sir  James  ilacGrigor  cites  the 
7th  Regiment  as  an  illustration,  and 
adds,  that  between  9th  August  1811 
and  20th  May  1812  it  lost  243  men  ; 
of  whom  169  were  recruits  landed  in 
the  preceding  June,  while  only  77 
were  old  soldiers.  The  original  num- 
ber  of  this  detachment  of  recruits  was 
3o3,  so  that  more  than  one-half  died 
within  the  first  eleven,  months.  The 
total  number  of  old  soldiers,  on  the 
other  hand,  was  1143,  and  of  them 
only  77  perished  in  the  same  time  ! 
So  convinced,  indeed,  was  >Sir  .James 
of  growing  "  lads  being  unequal  to  the 
harassing  duties  of  the  service,"  that 
in  making  calculations  for  measures  in 
the  field,  he  came  to  the  conclusion 
that  300  men,  who  had  served  five 
years,  would  be  more  effective  than 
1000  newly  arrived — not  simply  from 
their  greater  experience,  but  chiefly 
from  the  additional  stamina  proceed- 
ing from  maturity.! 

in  a  note  subjoined  to  the  preceding 
opinion  of  Sir  James  MacGrigor,  Dr 
Marshall  says  :  "  Numerous  examples 
might  be  quoted  to  shew  that  young 
lads  are  much  less  able  to  endure  the 
fatigue  of  raarcliing  than  men  a  little 
more  advanced  in  life.  During  the 
winter  of  1805,  a  French  army,  which 
was  stationed  on  the  coast  in  the 
neighbourhood  of  Boulogne,  marched 
about  400  leagues  to  join  the  Grand 
Army  before  the  battle  of  Austerlitz, 
which  it  effected  without  leaving  al- 
most any  sick  in  the  hospitals  on  the 
route.  The  men  of  this  army  had 
served  two  years,  and  were  not  under 
twenty-two  years  of  age.  The  result 
of  the  march  of  this  army  may  be 
compared  with  that  of  another  under 
different  circumstances.    In  the  cam- 

»  Medical  Inquiries  and  Observations, 
by  Benjamin  Rush,  M.D.,  vol.  i.,  p.  209. 
"+  Marshall  on  Enlisting,  &c.,  p.  5. 


paign  of  the  summer  of  1809,  the 
troops  stationed  in  the  north  of  Ger- 
many marched  to  Vienna,  but,  by  the 
time  they  arrived  at  the  place  of  their 
destination,  all  the  hos'pitals  on  the 
road  were  filled  with  sick.  More  than 
0)ie  half  of  the  men  composing  this 
army  were  under  twenty  years  oj  a;fe, 
the  usual  levy  of  conscripts  having 
been  anticipated.  After  the  battle  of 
Leipsic,  Napoleon  made  great  exer- 
tions to  recruit  his  army,  and  called 
upon  the  legislative  senate  to  give  him 
their  assistance,  to  which  they  shewed 
some  reluctance.  '  Shame  on  you  !' 
cried  the  emperor de- 
mand a  levy  of  300,000  men,  but  / 
must  have  grown  men ;   boys  only 

SERVE  TO  ENCUMBER  THE  HOSPITALS 
AND  ROADSIDES.'  " 

In  similar  defiance  of  the  laws  of 
physiology,  half-grown  lads  were  at 
one  time  preferred  for  the  East  India  ser- 
vice, on  the  false  supposition  that  their 
unconsolidated  constitutions  would 
more  easily  adapt  themselves  to  the 
climate  than  those  of  men  already  ar- 
rived at  maturity — a  proposition  very 
nearly  equivalent  to  saying,  that  be- 
cause a  person  is  already  enfeebled, 
exposure  to  the  causes  of  disease  will 
therefore  have  less  effect  on  him  than 
if  his  strength  were  restored  !  Sir 
George  Ballingall  is  entitled  to  the 
credit  of  having  early  and  earnestly 
raised  his  voice  against  this  doctrine, 
in  his  work  on  Fever  and  Dysen- 
tery, published  on  his  return  from  In- 
dia in  1819.  His  evidence  is  very 
striking ;  but  so  slow  is  the  march  of 
reason,  that  it  was  only  in  December 
1829  that  an  order  was  issued  from 
the  Horse  Guards  that  no  recruits  un- 
der tiventy  should  be  received  for  r''gi- 
ments  serving  in  tropical  climates  ; 
and  so  lately  as  the  year  1826,  nearly 
15  per  cent,  of  the  king's  troojw  in 
Bengal  were  under  that  age. 

Dr  Marshall  also,  in  touching  upon 
this  question,  supports  his  positions  by 
reference  to  fiicts  of  a  very  conclusive 
kind,  and  to  authors  whoso  opinions 
ought  to  have  great  weight.  Among 
other  evidence,  he  quotes  the  register 
of  a  regiment  employed  in  the  Bur- 
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mese  territory  in  1824-25  ;  from  which 
it  appears  that,  in  1824,  the  ratio  of 
mortality  among  the  young  men  who 
went  out  with  the  corps  was  38  per 
cent.,  or  1  in  every  2J  ;  while  among 
the  volunteers,  who  were  considerably 
older,  the  mortality  was  17  per  cent., 
or  only  1  in  6.  In  1825  it  was  30-5, 
or  1  in  3^,  among  the  younger  class, 
and  only  6  per  cent.,  or  1  in  16,  among 
the  elder* 

Some  other  instances  might  be  ad- 
duced in  proof  of  the  greatest  morta- 
lity being  always  among  the  youngest 
men  ;  and  I  might  quote  the  case  of 
a  regiment  mentioned  by  Dr  Davies, 
in  which,  when  it  was  sent  out  to 
Bombay  in  1808,  there  was  not  a  sin- 
gle private  above  22  years  of  age,  and 
in  which,  out  of  550  men,  nearly  300 
required  medical  assistance  within  six 
weeks  after  he  joined  it :  but  it  is  un- 
necessary, as,  although  individual  offi- 
cers still  prefer  youngmen,  the  Govern- 
ment is  at  last  awakened  to  their  un- 
fitness. A  vague  notion  that  grow- 
ing lads  do  not  bear  fatigue,  is  indeed 
prevalent  enough ;  but  I  venture  to 
say,  that  if  those  by  whom  the  age 
of  enlistment  was  first  determined  had 
been  well  acquainted  with  the  laws 
of  physiology,  and  had  possessed  a 
clear  perception  of  the  conditions  of 
healthy  growth,  the  practice  of  receiv- 
ing recruits  at  17  or  18  years  of  age 
would  never  have  been  sanctioned,  and 

*  Op.  cit.  p.  10. — In  availing  myself  of  Dr 
Marshall's  labours,  I  may  be  allowed  to  ex- 
press my  high  opinion  of  the  benefit  he  has 
confen-ed  by  his  statistical  researches,  not 
urly  on  the  service  with  which  he  was  so  long 
and  honourably  connected,  but  also  on  the 
public  at  large.  There  are  many  practical 
questions  deeply  concerning  public  health, 
which  can  be  fully  elucidated  only  by  such 
masses  of  facts  being  grouped  together  as 
shall  destroy  all  minor  inequalities,  and 
place  the  operation  of  principles  promi- 
nently in  view.  But  to  effect  this  object 
with  due  regard  to  accuracy,  requires  an  ac- 
quaintance with  details,  an  acuteness  of  ob- 
servation, and  a  power  of  successful  gene- 
ralization, which  are  rarely  found  in  combi- 
nation with  adequate  zeal  and  industry.  It 
would  be  very  useful  if  similar  researches 
were  instituted  in  regard  to  the  occurrences 
in  our  public  hospitals. 


the  country  would  have  been  saved 
the  pain  and  expense  of  sending  thou- 
sands of  young  men  to  "  encumber  the 
hospitals  and  roadsides"  of  the  Penin- 
sula, or  to  perish  under  the  exhausting 
influence  of  a  tropical  climate. 

I  have  dwelt  at  some  length  on  the 
practice  here  condemned,  because, 
from  the  magnitude  of  its  results,  and 
the  clearness  with  which  they  can  be 
traced  to  the  oversight  of  a  natural 
law  of  the  constitution,  it  affords  an 
eminently  instructive  example  of  the 
evils  arising  from  ignorance,  and  of 
the  aid  which  might  be  derived  from  a 
general  acquaintance  with  physiology, 
in  preserving  health  and  promoting 
the  happiness  of  the  race. 

It  was  my  intention  to  analyze,  in 
the  same  way,  various  other  practices 
in  which  public  and  private  health  is 
concerned ;  but  I  have  already  so  far 
exceeded  the  limits  originally  pro- 
posed, that  I  must  now  conclude,  leav- 
ing the  reader  to  determine  how  far 
I  am  right  in  believing  that  informa- 
tion of  the  kind  now  communicated 
will  be  acceptable  and  useful  to  the 
public. 

Let  me  however  once  more  repeat, 
that  I  consider  it  a  matter  of  the  most 
vital  importance  to  the  welfare  and 
prosperity  of  the  nation  that  a  know- 
ledge of  the  laws  which  govern  the 
animal  economy  should  be  taught 
in  our  schools.  To  every  man  health 
is  the  most  precious  of  gifts,  and 
every  one  should  accordingly  be 
placed  in  a  position  to  guard  and  pre- 
serve the  treasure.  God  has  bestowed 
on  each  of  us  faculties  to  think  and 
act  for  ourselves,  and  it  is  impossible 
that  any  one,  however  willing,  or 
however  well-informed,  can,  as  our 
substitute,  direct  our  actions  in  those 
minute  details  of  every-day  life,  on 
which  health  has  been  proved  to  be 
so  greatly  dependent.  If,  then,  we 
deny  physiological  instruction  to  the 
young,  we  make  ourselves  directly  re- 
sponsible for  the  continuance  of  those 
grievous  and  manifold  evils  which  are 
the  plain  results  of  ignorance  of  the 
constitution  of  man,  and  its  relations 
to  surrounding  objects. 
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Aberdeen,  baths  in,  67. 

Ablution,  65  et  seq.,  75,  20!?. 

Absorption  by  skin,  41,  81 ;  by  tlie  Inngs,  163. 

Acari  foUicnloruin,  43. 

Acclimatisation,  334. 

Activity,  necessity  of,  193,  266, 308. 

Actors,  memory  of,  SSG. 

Acute  diseases,  I'J,  142. 

A!:ne,41,  42,  171,31!). 

Aikin,  Dr  John,  quoted,  82,  n. 

Air,  composition  of,  163  ;  impurities  in  the, 
l':4,  316;  importance  of  its  purity,  253,  269, 
320;  how  much  fresh  air  necessary,  176; 
need  of.  180, 186 ;  damp,  32, 35, 40. 81. 82.  203 ; 
temperature  and  dryness  of, 205, 208;  stag- 
nant, 41;  warm,  38,  40,  49;  exercise  in  the 
open  air,  108. 

Air-bath,  71,  73. 

Albinos,  27. 

Atcesto  frigate,  313. 

Alcoholic  liquors,  155,  261,  264,  320. 

Allij.ator,  case  of  .a  decapitated,  239. 

Andral  quoted,  267. 

Aneurism,  122. 

Aneer,  eft'ects  of,  63. 

Animal  functions.  226. 

.Vnlmals.   i^ec  Brutes. 

Animalcules  in  the  skin,  43. 

Anson's  voyace,  321. 

Anxiety,  its  iiifluence  on  health,  27G,  307. 
Aorta,  144. 
Apoplexy,  152,248. 
Appetite,  100, 117. 

Aradinoid  membrane  of  the  brain,  230. 

Architects,  hint  to,  206. 

Arctic  voyages  of  Ross,  Parry,  &c.,  323. 

Areolie  of  the  skin,  28. 

Areolar  tissue,  83,  n. 

Army,   ^ee  .Soldiers. 

Arnot,  Dr  .Tames,  52. 

Arnott's  ventilator,  206;  stove,  208. 

Arterial  blood,  140, 143,  152,  170. 

Arteries,  144. 

Assemblv-rooms.  177, 186,  200. 

Assimilation  of  food,  221. 

Association  of  ideas,  &c.,  2.5.3. 

Attitude,  change  of,  94, 107 ;  eftect  of  posture 

on  the  activity  of  the  brain,  265. 
Auditory  nerve,  251. 
Auricles  of  the  heart.  144, 148, 150. 
Austerlitz.  battle  of,  308. 
Automatic  motions,  90,  128,  160:  automatic 

part  of  the  nervous  system,  233  et  seq. 
Autumn,  clothing  in,  62. 

Baglivi  quoted,  310. 
Bakers,  195. 

Balling?l'U  Sir  G.,  quoted,  63, 186, 308,  337. 

Ball-rooms,  177,  186,  200. 

Bank  clerks,  274. 

Barlow,  Dr,  quoted,  97. 

Bateman,  Dr,  quoted.  53.  _^    .      .  ^„ 

Bathing,  66;  cold,  58,  68,  72;  m  rivers,  69; 
warm,  68,70,  74;  tepid,  68,  70,  74  ;  vapour 
and  hot  air  baths,  71,  72,  /3 ;  public  baths, 
67,  71. 

Becquerel  quoted,  141.  _ 
Beds,  heating  of,  by  warm  bottlef,  uJ. 
Bod-clothes,  ventilation  of,  65. 
Bf'd-curtains.  200. 


Bed-rooms,  170, 191,  200,  205,  259. 

Bell,  Sir  C,  on  the  muscular  nerves,  92. 

Belzoni,  muscular  power  of,  92. 

Benevolence,  exercise  of,  290. 

Berginann,  Carl,  quoted,  195. 

Berlin,  mortality  m,  331,  33(). 

Birds,  muscular  nerves  of,  87;  Flourens'  ex- 
periments on,  91, 238;  muscles  of,  IK!;  ske- 
letons of,  133  ;  admirable  structure  of, 
133;  teniperatHre  of,  173;  passions  of,  237 ; 
wild  and  tame.  294. 

Black-spit  of  colliers,  195. 

Blaine,  Dolabero,  quoted.  36, 137. 

Blano,  Sir  Gilbert,  quoted,  308,  324. 

Blind  and  deaf  man,  case  of,  223. 

Blind  persons,  attainments  of,  286;  mental 
character  of,  267. 

Blisters,  27,  45. 

Blood,  139 ;  its  circulation  increased  by  mus- 

i  cular  exercise.  98,  and  i>y  organic  action, 
263;  heat  of,  114  ;  altered  by  excessive  mus- 
cular exercise,  114;  in  relation  to  muscu- 
lar strength,  122;  diseases  from  morbid 
states  of,  142;  influence  of  its  quality  on 
that  of  the  tissues.  183,  and  on  health,  183 ; 
in  relation  to  the  brain,  258  ;  red  globules 
of,  140,  155,  170, 172,  260. 

Blood-letting,  99,  148, 152, 155,  258,  262. 

Blood-vessels,  98, 144 ;  of  the  skin,  29 ;  lungs, 
160;  brain,  229. 

Boarding-schools,  58,  96, 103, 106, 117, 120, 21S, 
301. 

Boerhaave,  case  of,  277. 

Bones,  description  of  the,  129. 

Botanical  excursions,  106,  121. 

Bowels,  214,  303;  their  sympathy  with  the 
skin,  68,  n. ;  bowel-complaints, 33,  30,  68,  ii., 
324 ;  slow  action  of  bowels,  101,  214,  303. 

Bowie,  Mr,  quoted,  188, 190. 

Brain,  connection  of  the  mind  with,  19,  221, 
224;  the  source  of  voluntary  motion,  87; 
in  relation  to  the  skin,  53;  structure  of, 
221;  over-taskingofthe,  102, 277;  influence 
of  the  blood  on,  155;  described,  227  et  .icq. ; 
plurality  of  organs  in,  252;  conditions  of 
health  of,  255;  weights  of  brains,  2yf). 

Breath,  moisture  of,  162,  168,  17H ;  otlensivo 
smell  of,  162 ;  contamination  of  air  by,  198; 
temperature  of,  216. 

Breathing.   See  Respiration. 

Breda,  siege  of,  310. 

Bree,  Mr,  quoted,  25f!. 

Breschet's  experiments,  39, 100. 

Brewers'  vats,  poisonous  air  in,  169. 

Brigham.  Dr,  quoted,  263,  269,  270,  n. 

Bright's  Disease,  34. 

Bristol,  disease  in,  319. 

Bronchial  atl'octions,  35,  76. 

 tubes,  158. 

Browne,  Dr,  quoted,  274. 

Brutes,  minds  of,  225;  brains  of,  225.  237, 
254;  automatic  motions  of,  248;  hereditary 
acquired  habits  of,  294. 

Burns  and  scalds,  36. 

Bush,  Dr,  quoted,  287,  292. 

Byron,  Lord,  quoted,  79. 

Calcutta,  Black  Hole  of,  177. 
Caldwell,  Dr,  quoted,  263,264,298,  326,  310: 
his  work  on  ])liysical  education,  270,  ii. 
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Capillary  blood-vessels,  146. 

Carbonic  acid  gas,  48,  lOO,  l(i3,  1G7,  109,  171, 

175,  IW;,  198,  2U3,  258. 
Caribs,  111. 

Carmichael,  Ricliard.  on  scrofula,  97, 192. 

Carpenter,  Dr,  quoted,  291!. 

Cartilages,  130, 131, 135. 

Casper,  Dr,  quoted,  330,  3'3fi. 

Catarrh,  35,  40,  04,  70,  71, 215. 

Ceeley,  Mr,  quoted,  47. 

Cellars,  80,  318. 

Celtic  race,  290. 

Centres,  nervous,  22G. 

Cerebellum,  229  et  sc<].,  242. 

Cerebro  spinal  axis,  226;  system,  802. 

Cerebrum.   See  Brain. 

Channing,  Dr,  quoted,  10. 

Charcoal,  death  from  fumes  of,  170.  See 

Carbonic  Acid  Gas. 
Charity  children,  07, 112, 154,178, 192,207.  213. 
Cheerfulness  conducive  to  health,  194,  309. 
Chemical  changes  in  the  body,  38,  55,  05,  99, 

106, 113,  121,  140,  167,  172,  305,  306. 
Chest,  157;  size  of,  in  relation  to  stature, 

165 ;  diseases  of,  179  ct  seg. ;  diagram  of,  181 ; 

distorted,  182.    .See  Lungs. 
Chichester,  mortality  in,  315. 
Children,  in  factories,  4;  mortality  of,  9,  79, 

269,  317 ;  sports  of,  102,  194 ;  their  need  of 

exercise,  204,  210  ;  crying  of,  212 ;  delicate, 

216;  convulsions  of,  248,  303,  precocious,  268; 

books  for,  269.   See  Infants. 
Chilian  minors,  115. 
Chilliness,  208.   i'ee  Cold. 
Chloroform,  163,  238,  240,  304. 
Cholera,  17,  23,  41,  49,  155,  171,  178,  191,  193, 

196,  206,  309,  316,  319,  325,  332.  333. 
Chossat's  experiments,  60, 94, 121, 173, 193, 308. 
Christison,  Dr,  quoted,  34. 
Chronic  diseases,  12. 

Churches,  ventilation  of,169,177, 186,198,201, 
202,  203,  208.  2.">8. 

Circulation  of  the  blood,  144 ;  increased  by 
muscular  exercise,  98,  and  by  organic 
action,  263;  cerebral,  262. 

Civilization,  its  gradual  progress,  and  here- 
ditary character,  294. 

Clairvoyance,  251. 

Clark,  Sir  James,  quoted,  40, 70,  111,  195, 212, 

220,  221. 
Cleanliness,  65,  203,  208,  316. 
Clergymen,  214.   See  Speaking. 
Clerks,  vacation  of,  274. 

Climate, ;  warm,  40,  .53,  63.  73,  326,  328,  334  ; 

moist,  41,  49 ;  warm  and  moist,  42, 320,  326  ; 

cold,  63 ;  change  of,  221,  334. 
Climbing,  211.  27  i. 
Clot,  of  the  blood.  140. 

Clothing, 49, 55,  56;  waterproof,  47;  of  females, 

61.  181  ;  of  infants  and  children,  50,  57. 
Club  exercise,  126. 
Coal  heavers,  116.  n. 

Cold,  9,  23.  32,  35,  37.  50,  52,  53,  5!!,  58.  174,  208; 
sensation  of,  52  et  seq. ;  diet  fitted  to  pro- 
tect from,  172 ;  resistance  to,  309  ;  death 
from.  315. 

Cold  bath,  58.  68,60,72. 

Cold  feet,  55,  58,  61,  172,  174,  208. 

Colds.  35,  40,  215  ;  catching  of,  64,  70,  71. 

Collard  de  JMartigny,  48. 

Colliers,  80,  195. 

ColHngwood,  l>()rd,32-l. 

Colour  of  the  skin,  27  ;  muscles,  84;  blood, 

140,  143.  UO. 
Combe,  Abram,  case  of,  215. 

 ,  Or  A.,  case  of  10,  70,  76. 

 ,  George,  quoted,  204,  2("3 :  liis  work  on 

the  Constitution  of  .Man.  2R9  n..  3i4,  n. 
Commander,  sanitary  inHueuce  o'',  311,  324. 
Co'ifidonce,  sanitary  etfect  of.  30!l,  31 1,  324. 


Conscientiousness,  education  of,  290. 

Consciousness,  238 ;  loss  of,  262 ;  want  of,  ?03. 

Consumption,  pnlmonary,  58,  76,  111,  122, 126, 
154,  172,  179  et  feq.,  192,  195,  211,  215,  320 
329;  origin  and  nature  of,  183;  principles 
of  cure  of,  184;  precautions  against,  217; 
hereditary  predisposition  to,  2l9. 

Cantagion,  81,  163,  208. 

Contractility  of  the  muscles,  84. 

Convolutions  of  the  lirain,  229,  230,  232. 

Convulsions,  91,  92,  236,  248;  of  children,  303. 

Cook's  voyages,  322. 

Cooper,  Sir  Astley,  262,  2G3. 

Corpulence,  28. 

Costivencss,  101,  214,  303. 

Cotton  clothing,  64. 

Cough,  35.  215,  216. 

Cowan,  Dr,  quoted,  245. 

Crabbe,  George,  177. 

Cretinism,  248. 

Crime,  hereditary  tendency  to,  297. 
Criminals  sometimes  irresponsible,  247. 
Crustacea,  respiration  of,  100. 
Crying  of  children,  212. 
Cures  promoted  by  confidence,  309. 
Cuticle  or  epidermis,  25. 
Cutis  or  true  skin,  28. 
Cutler.«,  195. 

Cuvier,his  lungs  strengthened  by  lecturing, 
120,  215. 

Damp  air.   See  Air.  Marshes. 
Dancing,  as  an  exercise,  124. 
Daniell,  Dr.  quoted,  73,  328. 
Darkness,  79.   See  Light. 
Darwin,  :Mr,  quoted,  60,  115,  294. 
Davies,  Dr,  quoted,  338. 
Davy,  Professor  £.,  quoted,  209. 

 Sir  H.,  case  of,  275 ;  curious  obscrva*- 

tion  by,  309. 

—  Dr  John,  on  the  heat  of  the  body,  100. 

Day-dreaming,  245. 

Deafness,  267 ;  hereditary  in  cats,  2-56;  case 
of  a  deaf  and  blind  man,  223. 

Death  from  cold,  69  ;  from  starvation — See 
Starvation. 

Defeat,  ettects  of,  on  health,  308. 

Deformitv  from  earlv  over-labour,  108  ; 
spinal  ,96. 109, 110, 1  ll,"l25, 135 ;  of  chest,  182. 

Delicate  children,  treatment  of,  216. 

Delirium,  259,  260,  282. 

Deodorising  properties  of  peat,  203. 

Dermis,  28. 

Diabetes,  35. 

Diaphragm.  157. 

Diarrhoea,  35,  68.  n.,  324. 

Diet,  effect  of  scanty,  154,  261,  325  ;  ought  to 
be  in  proportion  to  activity,  117 ;  its  etl'ects 
on  respiration,  167  ;  in  relation  to  animal 
heat,  172,  and  to  the  brain,  259  et  seq.  ;  in 
warm  climates,  328.  See  Nutrition.  ;Star- 
vation. 

Digestion,  100,  118,  147,  259,  297,  307.  See 

Nutrition. 
Dinner  hour,  221,  259. 

Disease,  a  departure  from  the  normal  state, 
23  ;  slow  and  insidious  origin  of,  7,  190  ; 
acute  and  chronic,  12  ;  hereditarv  predis- 
position to,  219,  255;  causes  of,  281,  313; 
prevention  of,  313;  diseases  flow  chietly 
from  the  bad  state  of  the  blood,  183; 
should  bo  studied  and  treated  only  by 
medical  men.  18,  75,  215. 

Dissipation,  218. 

Diving  animals,  164. 

Dogs,  frothy  mouths  of,  39. 

Dormitories,   .^ee  Bedrooms. 

Drainage,  208, 319.    See  Filth.  Marshes. 

Draughts  of  air,  200,  207. 

Dreaming,  263. 


I 


INDEX. 


341 


Dress.  See  Clothing. 
Dressmakers,  185. 
Druiikenne.ss,  135, 174,  175,  2fil,  287. 
Dryness  of  air,  205,  208.  .See  Damp. 
Dublin,  97,  20S.  ^ 
Dudley,  Lord,  case  of,  279. 
Dumb  bells,  120,  138,  211. 
Duppa,  iMr,  quoted,  291. 
Dura-mater,  228. 
Dust  in  the  air,  194. 

^™^«'!i"P'«'arming  of,  59.20S;  ventilation 
of,  -00,  206 ;  dwellings  for  the  workine- 
cl.asses,  SO,  187,  188.  3l7,  318;  mortality  in 
lofty  houses,  202. 
Dysentery,  204. 
Dyspepsia.   See  Indigestion. 
East  wind,  9,  n. 
Eccentricity,  250. 

I^dmburgh,  G7,  80,  154,  195,  200, 201,  202,  207, 

Edinburgh  Review  quoted,  2.>4. 

Education,  importance  of  physiolosry  in  re- 
in^'io.  '  erroneous  practices  in, 

.'04,  281  et  seq. ;  necessity  of,  318, 338;  neces- 
sity of  national,  7,  288,  318;  will  diminish 
drunkenness,2(i2;educationof  the  muscles, 
91 ;  of  the  automatic  centres,  249;  medical, 
14  ;  intellectual,  281,  290  ;  moral,  281 ;  les- 
sons from  objects, 290;subjects  ofstudy.SOO. 

Edwards,  Dr,  e.\-periments  of,  4(J. 

■  E.,  32. 

Egypt,  plague  in,  42. 

Electricity,  in  relation  to  the  nervous  in- 
fluence, 304. 
Emigrant  ships,  189,  19G,  206,  321. 
Endosmosis,  44,  146,  149. 
Ennui,  266. 
Entozoa,  L57. 

Epidemic  diseases,  13,  48,  171,  191,  192,  196, 
316,  319. 

Epidermis,  2-5,  31,  44. 

Epithelium,  159. 

Eruptions  on  the  skin,  30,  212. 

Esquirol,  M.,  74  ;  quoted,  257. 

Evening  employments,  298. 

Excretion.*!,  143,' 208;  cutaneous,  29  etseq. 

Excursions,  pedestrian,  106, 121,  127. 

Exercise,  muscular,  increases  the  heat  of  tlie 
body,  38,  40,  53,  55,  01,  64  ;  should  be  brisk, 
59  ;  in  relation  to  nutrition,  95 ;  bad  ellbcts 
of  want  of,  96,  97,  101,  134;  rules  for,  101; 
varied,  98,  107,  271 ;  its  effects  on  circula- 
tion of  blood,  98 ;  necessity  of,  193,  275;  in 
youth,  204,  210. 

 ,  mental,  laws  of,  253. 

 of  the  bones,  13^. 

 of  the  lungs,  210. 

Exhalation  from  the  skin,  30 :  from  the 

lungs,  182. 
Exosmosis,  44, 146,  149. 
Expectoration,  160. 
Expression,  247,  248. 
Eye,  over-exercise  of,  263,  267. 

Factory  labour.  4, 107,  194,  332. 
Faintinz.  152,  307.  , 
Falkland  Islands,  birds  of,  295. 
Famine,  Irish,  188,  261. 
Fanaticism,  cures  by,  104. 
Faraday,  Mr,  refeiTed  to,  304 ;  his  gas-lamp, 
201. 

Fasting  renders  the  body  liable  to  contagious 

diseases,  81.   Sec  .Starvation. 
Fat.  123,  n.;  subcutaneous,  28;  of  the  muscles, 

83;  fatty  secretion  of  tlie  skin.  42. 
Fatigue,  20,  112  ;  endurance  of,  114. 
Fear,  53,  257. 
Feeling,  sense  of,  50. 

Feet,  thick  skin  of,  26 ;  nerves  of,  51 ;  cold- 
ness of,  55,  58,  61,  208 ;  wot  feet,  61. 


Females,  their  dress,  61, 181, 185  ;  blood,  122, 
'  liability  to  chest  diseases, 
UJ,  lSo,  m  ;  nervous  diseases,  155  ;  sedeii- 

FaSMllf^u""^^''*^'-^''- 

Fever,  38, 41,  65,  73,  123,  li>3,  154,  163,  186  et 

se<i.,  202,  204,  209,275,  276,  278,  282,  309,  317. 

d20,  o27  ;  convalescence  from,  117. 
Fibrin  of  the  blood,  140,  153,  170. 
Filth,  208,  316,  317,  320,  3-21. 
Fmlaison,  Mr,  quoted,  165i 
Fire-places  in  houses,  80. 
Fishes,  muscles  of,84  ;  muscular  nerves,  89  • 

vitality,  114;  bones,  131;  respiration,  156', 

1()8;  temperature,  173. 
Flannel,62,  65,  809,  n. 
Flax-mills,  194. 
Flesh.   See  Muscles. 
Flesh-brush,  OC,  70, 75. 
Flonrens,  M.,  experiments  of,  91, 238. 
Food.  See  Diet. 
Foot.  See  Feet. 
Forbes,  Dr  John,  quoted,  90. 
Fourcault's  experiments  on  the  skin.  35.  37. 

39;  quoted,  80,  81,  111. 
Fracture  of  bones,  132. 

France,  conscription  in,  6, 108,  33G;  labour- 
ers in,  116  ;  longevitv  in,  331. 
Friction  of  the  skin,  7U,  75. 
Friedliinder  quoted,  102. 
Frog,  289. 

Galapagos,  birds  of,  294. 
Gall,  Dr,253. 

Games,  muscular,  102.  5ee  Sports. 
Ganglia,  227,  302  ;  cephalic,  230,  233. 
Ganglionic  nerves,  302. 
Gas  absorbed  by  the  skin,  48. 
Gas-lights,  201. 

Gastric  juice  affected  by  perspiration,  36, 7& 
Geological  excursions,  106, 121. 
Germany,  education  in,  106,  121. 
Gills  of  Hshes,  150,  168. 

Girls, physical  education  of,  95;  exercise  for, 
109,  112,  120;  diet  of,  117;  growing  girls, 
138.   See  Deformity. 

Glanders,  48. 

Glands  of  the  stkin,29, 43. 

Glasgow,  80,  187,  332. 

Globules,  red,  of  the  blood,  140,155,170,172, 
260. 

God^  natural  laws  of,  13,  20, 107, 210, 222, 224, 

Gout,  139, 221. 
Governesses,  206. 

Grainger,  Mr,  quoted,  80, 191,  192, 316, 332. 
Grotry,  case  of,  277. 

Grief,  its  influence  on  health,  53,  194,  348. 

307,327.  •     .      .  , 

Grotto  del  Cane,  169. 

Growth,  period  of,  117,  220, 259,  260,  335 ;  ra- 
pid, 217. 
Grnby,  Professor,  44. 
Guggenbiihl's  school  for  idiots,  284. 
Gurlt,  Professor,  qnoted,  39. 
Gymnastics,  122,  124,  211. 

Habit,  299 ;  eflects  of,  3.34 ;  hereditary  habits, 
294  ;  habitual  movements,  248. 

Ilair,  54  ;  roots  of,  43. 

Hair-glove,  70,  75. 

llall.'Capt.  Ba.«il, qnoted,  311. 

Hamburgh,  sanitary  state  of,  316. 

Hands,  225;  thick  skin  of,  26;  palms  desti- 
tute of  oil-glands,  43  ;  nerves  of,  51. 

Ilanwell  Lunatic  .Vsylum,  283. 

Hare,  Mr,  quoted.  111. 

Hats,  ;>4. 

Headache,  155, 169, 177. 201, 203, 270. 
Health,  preservation  better  than  recovery 
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of,  6, 13, 14, 16, '.'17 ;  good  and  bad  contrast- 
ed, 17  ;  gradual  undermining  of,  7,  190, 
334  ;  influence  of  the  nervous  system  on, 
30'.';  is  the  natural  state  of  man,  3-.'8. 
Heart,  128, 144, 148, 150, 151, 303, 307  ;  disease 
of,  330. 

Heat  of  the  bodv,  regulation  of,  37 ;  source 
of,  38,  55,  61,  17"l ;  relation  of  its  degree  to 
nervous  and  muscular  action,  114;  quan- 
tity carried  oft'  by  the  breath,  216;  why 
least  in  sleep,  307,  308;  sensation  of,  52 
et  seq. 

Heating  of  schools,  5S ;  beds,  59 ;  rooms,  59, 
208. 

Hemispheres  of  the  brain,  229,  231. 

Hereditary  predisposition  to  consnmption, 
219;  constitution  of  brain,  255;  acquired 
habits  and  mental  qualities,  294  et  seq. 

Hobbes,  timidity  of,  257. 

Holland,  climate  of,  42,  49. 

Home-sickness,  309. 

Hope,  curative  influence  of,  310,326. 

Hope,  Dr  James,  quoted,  63. 

Horner,  F.,  quoted,  203. 

 Leonard,  5. 

Horses,  sympathy  between  skin  and  stomach 
of,  3!);  experiments  on,  48;  scales  from 
skin  of,  6(i,  n. ;  training  of,  122 ;  bones  of, 
137  ;  hereditary  qualities  of,  290, 

Hospitals,  189,  207,  209,  327. 

Houses.   See  Dwellings. 

Howard,  Jolin,  quoted,  81. 

Hutchinson,  John,  quoted,  165. 

Hybernation,  136,  173. 

Hydrabad,  cholera  at,  20G. 

Hydrocephalus,  232. 

Hydrogen,  172 ;  sulphuretted,  169,  201. 

Hydropathy,  59,  72,  211,  273. 

Hydrophobia,  249,  261. 

Hygiene,  study  of,  14.   See  Health. 

Hypochondria.  16, 19,260,  206,  307. 

Hysteria,  258,  260. 

Idiocy,  267 ;  schools  for  idiots,  284. 
Idleness,  bad  cfteots  of,  on  health,  55,  266, 
308. 

Ignorance,  evils  flowing  from,  2  et  seq.,  12, 16, 
23,  57,  58,  97,  123,  177,  186,  192,  205,  215,  271, 
327. 

Imbccilitv,  257,  267;  education  of  imbeciles, 

284, 292.' 
Immortality  of  the  soul,  222. 
Impey,  Mr,  quoted,  47. 
India,  35,  41,  63,  206,  328,  334,  337,  33S. 
Indigestion,  12,  19,  36,  220,  297,  307. 
Infants,  great  mortality  of,  3,  9,  56,  207. 220, 

257,  315,  317;  clothing  of,  56,  57;  sucking 
by,  90;  bones  of,  138;  sanguineous  circula- 
tion of,  151 ;  brains  of,  232. 

Infant-schools,  98, 102, 270. 
Infection,  81. 

Inflammation,  predisposition  to,  153;  from 
cold,  52:  of  the  lungs,  184. 

Insanity,  13,  247,  260,  262,  276,  278,  280 ;  here- 
ditary predisposition  to,  255;  treatment 
of,  283. 

Insects,  sanguification  of,  157;  spinal  cord 

of,  241. 
Instincts,  225. 

Involuntary  muscles,  128;    motion,  246; 

nerves,  302. 
Ireland,  causes  of  mortality  in,  during  the 

late  famine,  188,  261 ;  emigrants  from,  189. 
Irritability  of  the  muscles,  114  ;  of  temper, 

258,  276. 

.Jackson,  Dr,  quoted.  187. 
.Tames  I.,  timidity  of,  257. 
James's  powdei'S,  82,  n. 
Jett'reys'  respirator,  217. 


Johnson,  Dr  James,  quoted,  122,  329. 
Joints,  130,  138. 

Keratrv,  M.,  quoted,  223. 

Kidney's,  99  ;  in  relation  to  the  skin,  32,  33, 

34, 143  ;  disease  of,  34. 
Kiel,  xMaternity  Hospital  of,  327. 
Knife-grinders,  195. 

Knowledge,  benefits  from,  2  et  seq.,  15,63,82. 
Kolliker,  Professor,  227  et  seq. 
Krause  on  the  skin,  29,  30,31,33,43,45,46, 
47. 

Kurrachee,  cholera  at,  40. 

Labourers,  strength  of,  115 ;  nervous  obtosc- 

ness  of,  287. 
Lactic  acid  of  the  gastric  j  uice,  36, 78. 
Laidlaw,  Dr,  quoted,  42. 
Laisne,  M.,  quoted,  116,  n. 
Lamps,  gas,  201. 
Language,  natural,  247. 
Latham,  Dr,  quoted,  326. 
Leading-strings,  138. 
Leblanc's  experiments,  199. 
Lc  Conte,  Dr,  240. 
Lecturing,  126, 214, 215. 
Leeds,  4, 194. 

Legislators,  utility  of  physiological  know- 
ledge to,  4,  57. 
Lehmann's  experiments,  34, 99. 
Lctellier,  174. 
Leuk,  baths  of,  74. 
Light,  solar,  27,  79, 120,  316. 
Linen  clothing.  64. 

Literary  men,  53,  56,  59,  264,  265,  271  et  seq., 

298,  307. 
Liverpool,  4,  66,67,  80. 
Lobes  of  the  brain,  229. 

Lodging-houses,  model,  317.   Sec  Dwellings. 

London,  4  ,  6  ,  67  ,  80,  164, 179,185, 190,  207,  208, 
209,  315,  316,  319  ,  325,  331. 

"  Londonderry"  steamer,  suffocation  of 
passengers  in  the  cabin  of,  177. 

Longevity  in  different  ranks,  330.  See  Mor- 
tality. 

Lugol  on  scrofula,  9. 

Lunatic  asylums,  283. 

Lungs,  diseases  of,  10, 14, 179  et  seq.,  329  ;  in 
relation  to  the  skin,  33,  39  ,  7(i;  mucus 
secreted  by  membrane  of,  35  ;  absorption 
of  moisture  by,  46  ;  strengthened  by  exer- 
cise, 126;  circulation  in,  149;  structure 
and  functions  of,  156  ;  conditions  of  health 
of,  198.   See  Consiimption.  Respiration. 

Lyell,  Sir  C,  quoted,  240,  296. 

Lying-in-hospitals,  mortality  in,  327. 

Lymphatics,  44. 

Lytton,  Sir  E.  Bulwer,  case  of,  272. 

Macgrigor,  Sir  James,  quoted,  337. 

Mackintosh,  Dr  John,  155. 

Makollar.  Dr,  quoted.  195. 

M alaria,  35,  41,  47,  48,  49,  326. 

Mammalia,  brains  of,  237. 

Man,  ra^ns  of  improvement  of,  19  et  passim. 

Manchester,  4, 13,  314,  317. 

Mann.  Horace,  quoted,  204. 

Manufacturingtowns.  See  Factory.  Towns. 

Manure-manufactories,  209. 

Mapes,  Miss,  case  of,  263. 

Marriage,  219,  256,  296. 

Alarshall,  Dr  H.,  quoted,  110,  309,  331,  S3G, 

337  ;  eulogy  of,  338. 
jNlarshes,  35,"41, 42, 47,  49,  81, 82, 171, 206, 208, 

325,  326. 
Masons,  195. 

Mastication  of  birds,  133.  | 
Materialism,  222. 
Alaternity  hospitals,  327. 
Maynwaringc  on  health,  17, 119. 


T 


INDEX. 


343 


Mayo,  I)r  H.,  quoted,  13.5. 

Mead,  J.  M.,  case  of,  ■!t!9. 

Moals,  mental  excitement  before  and  after, 

118,  -ifiO,  -297. 
Mechanics'  Institutions,  300. 
Medical  books  should  not  be  studied  by 

non-professional  persons,- 18. 
 education,  14. 

 men,13 ;  duties  of,  3,220, 310, 327 ;  often 

neglect  their  own  cerebral  health,  278; 
curative  etlcct  of  confidence  in,  3U'J. 

Medicines  administered  through  the  skin, 
45,  4(!. 

Medulla  oblongata,  160,  ICl,  226,  230  et  seq. 
Medusa  fri-rate,  260,  313. 
Melancholv,  l!)4,  2(10,  266,  276,  280,  307. 
Memory  of"the  blind,  286. 
Miasma.  See  Fever.  Marshes. 
Midriff,  157. 

Millbank  Penitentiary,  324. 
Alillers,  health  of,  195. 
Milliners,  health  of,  (t. 

Mind,  its  dependence  on  the  body,  19 ;  in 
relation  to  the  skin,  53;  to  muscul.ar  exer- 
cise. 102  ;  to  quality  of  the  blood,  155; 
weak  durintt  rapid  prowth,  217  ;  is  the 
characteristic  portion  of  man,  221  :  the 
brain  its  organ,  224;  laws  of  its  exercise, 
255 ;  cll'ect  of  its  state  on  respiration, 
194,  and  on  health,  I'Ji,  297,  323,  324,  326. 
See  Brain. 

Miners,  strentrth  of,  115. 

Aloisture.  Sec  Air.  Marshes. 

Jlontreal,  189. 

Moral  improvement  of  man,  19  ;  moral  edu- 
cation, 281, 289. 

Mortality,  rates  of,  in  different  seasons  of 
the  year,  9 ;  in  towns,  13,  79, 314  et  seq. ;  in- 
creased bv  ignorance,  3,  178 ;  from  chest 
diseases,  l79,  185 ;  of  the  poor,  56,  830 ;  of 
the  rich,  330 ;  of  infants,  3,  9,  56.  207.  220, 
257,  315,  317  :  of  children,  9,  79,  269,  317  ;  of 
youths,  217,  335 ;  of  the  starved  Irish,  188  ; 
from  vitiated  air,  3,  209 ;  of  soldiers  and 
sailors,  308— see  Recruits  ;  its  decrease  in 
the  navy,  321. 

Mosor  quoted,  9. 

Mothers,  appeal  to,  109;  their  physical  in- 
fluence on  their  otfspring,  257. 

Motion,  voluntarv,  86,  90  ;  automatic,  90, 
128,  160  ;  nervos"of,  234. 

Mountain  exercise,  211,  273. 

Mucous  coat  of  skin,  27. 

Mucus  from  the  lungs,  160. 

Mulder,  Professor,  quoted,  14. 

Munro,  Sir  T.,  quoted,  297. 

Murr.iy,  Captain,  63. 

 , "Lord,  212,  n. 

Muscles,  82  ;  sense  of  their  state,  93  ;^the 
nervous  system  in  relation  to  the,  234 _et 
seq.,  306;  'influence  of  electricity  on,  ;W5  ; 
muscular  energy,  114;  muscular  exercise 
— see  Exercise. 

Musical  instruction,  212. 

Musicians,  277. 

Nails,  27. 

Narcotic  poisoning,  161.  248. 

Narcotics,  S04, 307 ;  practice  of  soothing  chil- 
dren with.  218. 

Nasse.  Professor,  quoted,  161, 173. 

Nature,  the  arranirenients  of,  reveal  God's 
will,  13,  20.  107,  2lO.  222,  224,  2&S. 

Navy,  British,  sanitary  improvement  of, 
3-.'l  et  .icq.,  329.   Sec  Sailors. 

Negroes,  colour  of,  27,  28  ;  brain  of,  296  ; 
their  power  of  resisting  the  injurious  in- 
fluence of  tropical  climates,  334. 

Nelson,  Lord,  312,  3.'3. 

Nerves  described,  249  ;  of  the  skm,  29,  50 ; 


of  the  muscles,  87  et        118;  ganglionic, 

302. 

Nervous  diseases,  slow  origin  of,  12;  from 
drunkenness,  155 ;  from  excess  of  mental 
labour,  272  et  seq.;  influence  of  the  skin 
on,  73  ;  hereditary  predisposition  to,  255. 

Nervous  energy,  114 ;  nature  of  the  nervous 
influence,  304. 

Nervous  stimulus,  in  relation  to  muscular 
exercise,  102  ;  of  respiration,  160,  226. 

Nervoussystem.prc-eminenceof,  1;  divisions 
of,  90 ;  described,  226 ;  necessity  of  warmth 
to  action  of,  174  ;  in  relation  to  the  blood, 
185  ;  its  influence  on  health,  302. 

Newton,  Sir  Isaac,  case  of,  277. 

Niger,  expedition  to  the,  334. 

Night,  liability  to  disease  during,  171;  em- 
ployment at",  298 ;  night  air,  205. 

Night  mare,  242. 

Nitrogen,  162, 163,  167. 

Nitrous  oxide,  169. 

Nostalgia,  m 

Nutrition  promoted  by  exercise  of  the 
nourished  part,  94  ;  in  relation  to  muscu- 
lar exercise.  100,  112, 116 ;  to  the  circula- 
tion of  the  blood,  142  ;  to  the  lungs,  220  ; 
to  the  brain,  259  .et  seq. ;  causes  of  defec- 
tive, 137;  disease  from  defective,  154.  »See 
Starvation. 

Object-lessons,  290. 
Oil-glands  of  the  skin,  43, 54. 
Oilmen,  82. 

Old  age,  the  bones  in,  132;  mental  exercise 

should  be  lessened  in,  276. 
Olfactory  nerve,  249. 
Open-air  exercise,  108. 
Opium.  See  Narcotics. 
Optic  nerve,  249. 
Orators,  126,  264, 300. 
Orfila,  M.,  quoted,  203. 
Organic  functions,  226. 
Osborne,  Ur,  quoted,  34,  35. 
Ossification.  131. 

Owen,  Professor,  quoted,  130,  131,  133,  156, 

157,  173,  237,  241,  296,  305. 
Oxygen,  140,  150,  162,  163,  167,  168,  171,  175, 

186,  258. 

Pai  n ,  use  of ,  51 , 304 ;  deadened  by  chloroform , 

163,  238,  240,  304. 
Palpitation,  18. 
Palsv.   See  Paralysis. 
Papi'lhe  of  the  skin,  28,  50. 
Paralysis,  91, 103,  241,  242, 303,  304. 
Parenchyma,  163. 

Parents,  duties  of,  219  ;  errors  of,  289. 

Paris,  67,  217,  257,  269, 315, 331. 

Parry's  voyages,  322,  323. 

Passions,  influence  of,  on  the  skin,  53;  on 
health,  308.  /See  Mind. 

Pastimes.   See  Sports. 

Pathognomy,  247. 

Peat,  deodorising  property  of,  209. 

Pedestrian  excursions,  106, 121,  127. 

Pcllico,  Silvio,  300,  n. 

Perception,  233,  238,  240,  251. 

Periodicity  of  the  nervous  system,  299. 

Perspiration.  29  ,  54,  122,212;  insensible,  30; 
sensible,  32,  38,  122,  212 ;  checked,  33,  47, 
61,64,72;  profuse, 71;  attects  the  stomach, 
36,  78  ;  of  birds,  134  ;  perspired  matter, 
65. 

Pestilence,  42, 171,  316. 
Phrenology,  252, 281,  301. 
Phthisis.   See  Consumption. 
Physical  education,  121,  293,  et  passim. 
Physicians.   See  Medical  Men. 
Physiology  defined,  1 ;  utility  of  knowledge 
of,  2.  See  Ignorance. 
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Pia-mater,  229. 
Picrquin,  Dr,  quoted,  263. 
Piiiei,  Scipion,  quoted,  276. 
Plague,  42, 171,316. 

Play  at  school,  102, 120, 201.   See  Sports. 

Puoumogastric  nerve,  251. 

Poisons  absorbed  by  the  skin,  45,  46,  47,  48, 
81;  narcotic  ])oisoning,  161,  248 ;  poisonous 
air,  163,  169, 186,  203,  258,  316,  320. 

Pons  Varolii,  230. 

Poor,  diet  of,  154, 261, 325 ;  mortality  of,  56, 
330. 

Pope,  Alex.,  case  of,  274. 
Pores  of  the  skin,  26. 

Posture,  change  of,  94, 107 ;  effect  of,  on  the 

brain,  265. 
Poizuoli,  baths  of  Nero  at,  41. 
Practice,  293. 
Preachers,  126,  264,  300. 
Precepts  and  practice  compared,  289. 
Precocity,  mental,  268. 
Pregnancy,  257. 

Priessnitz,  his  curative  system,  59, 72,  211. 

Printing-offices,  ventilation  of,  206. 

Prisons,  178,266,  324. 

Processes  of  bones,  84. 

Prout,  Dr,  27,  34. 

Prussia,  infant  mortality  in,  220. 

Puberty,  dangers  at,  217.  ■ 

Puerperal  fever,  3i7. 

Pulmonic  circulation,  149.   See  Lungs. 

Pulsation  of  the  heart,  151. 

Quack  medicines,  36, 82,  n. ;  quacks,  310. 
Quarterly  Review  quoted,  279. 
Quetelet,  M.,  quoted,  9,  57. 

Rage,  53. 

Readiness  of  action,  300. 

Reading  while  walking,  condemned,  106  ; 

reading  alond,  126,  214,  260. 
Recitation,  126,  212,  214. 
Recreation,  262,  287,  303.   See  Sports. 
Recruits,  6,  80,  108,  220,  309,  335. 
Reflex  motions,  90, 160, 236  et  seq.,  303. 
Reid,  Dr  John,  experiments  of,  95. 
Religious  objections  to  study  of  physiology, 

20.   Sec  God. 

 fanaticism,  cures  by,  104. 

Repetition ,  eflects  of,  293. 
Reptiles,  130,  241. 

Respiration,  15G  ;  in  relation  to  muscular 

exercise,  55,  100,  106,  113  ;  laws  of,  179  ; 

nervous  stimulus  of,  226,  239. 
Respirator,  .leftVeys',  217. 
Rest  needed  bv  the  muscles,  94 :  and  by  the 

brain,  264, 271, 299. 
Revolutions,  iJolitical,  297. 
Rheumatism,  62,  63,  64,  72. 
Rich,  mortality  of  the,  330. 
Rickets,  79.  133,  137  ;  precocity  of  rickety 

children,  268. 
Riding,  76,  77,  123. 

Rodney's  victory  in  the  West  Indies,  sani- 
tary effects  of,  308. 
Rome,  malaria  of,  48.' 
Romillv,  Sir  S..  264  ;  quoted,  271. 
Rowing,  121, 123,211. 
Running,  as  an  exercise,  121. 
Rush,  Dr,  quoted,  190,  308,  310,  336. 
Russia,  bathing  in,  71,  73. 

Sailing,  sanitary  effects  of,  76,  78. 

Sailors,  health  of,  49,  63,  81,  3U,  320  ct  sea.. 

328,  329. 
Sanctorius,  31. 
Sanguification  ,156. 
.Sartorius  muscle,  85. 
Sauntering  exercise,  59, 103, 109, 119. 
Saussure,  Jladame  IS'ecker  dc,  quoted,  110. 


Saxon  race,  296. 
Scalds  and  barns,  36. 
Scarf  skin,  25. 
Scarlatina,  193. 

Schools,  temperature  of,  .58,  61 ;  light  in,  81 ; 
ventilation  of,  2(l2,  204,  258;  benches  with- 
out backs  in, 97  ;  prejudicial  effcctof  same- 
ness of  attitude  in,  95  ;  too  long  confine- 
ment in,  102,  204,  210  ;  too  long  postpone- 
ment of  dinner-hour,  259  ;  too  early  send- 
ing to,  209  ;  prevalent  disregard  of  differ- 
ences in  mental  capacities  at,  287  ;  schools 
for  the  insane,  283  ;  for  idiots,  284.  See 
Education. 

Science,  religious  aspect  of,  21,  107,  210,222, 
224,  288. 

Scott,  Sir  W.,  quoted,  207, 265;  case  of,  277, 
299. 

Scrofula,  9,  27,  79,  81,  97,  219,  268,  319,  320 ; 

origin  of,  183, 192. 
Scurf  of  the  skin,  66. 
Scurvy,  153,  154,  308. 
Sea-sickness,  76. 
Seats  without  backs,  97. 
Sebaceous  glands  of  the  skin,  42. 
Seclusion,  effects  of,  266,  283,  292,  308. 
Secretions,  blood  the  immediate  source  of 

the,  142;  cutaneous,  29— see  Perspiration. 
Sedentary  liabits,  effects  of,  59,  193,  210,  275. 
Sedition  from  starvation, 261. 
Seguin's  experiments,  31. 
Self-control,  loss  of, 247, 261. 
Semelweis,  jM.,  327. 

Sensation,  233,  238,  251 ;  cutaneons,  50. 

Sense,  muscular,  93. 

Senses,  organs  of  the,  253. 

Sensibility  of  bones,  132. 

Sensitive  and  obtuse  people,  258. 

Sensory  ganglia,  i)0. 

•Serum  of  the  blood,  140. 

Sewers,  air  in,  169.   See  Drainage. 

Sexual  propensity,  244. 

Shakspeare  quoted,  199,  244. 

Shampooing,  100. 

Shark,  bones  of,  131.  i 

Sheffield,  193, 194. 

Ships,  sanitary  state  of,  11, 190, 196,  206,  320 
et  scg. ;  emigrant  ships,  189. 

Shirt-makers,  6. 

Shoemakers,  181,  212. 

Shuttlecock,  121, 126. 

Sick-room,  282. 

Sierra  Leone,  42. 

Sighing,  113. 

Sight,  251. 

Silk  clothing,  64. 

Simon,  Mr,  quoted,  4. 

 ,  Dr,  experiments  of,  16G. 

Simond,  M.,  quoted,  299. 

Sin,  general,  whether  disease  be  a  punish- 
ment for,  313. 

Sinews,  84. 

Singing,  126,  212. 

Skin,  24, 82 ;  in  relation  to  muscular  exercise, 

212;  eruptions, ^6,  212. 
Skinner,  Captain,  175. 
SkuUo  found  in  ancient  tnmiili,  297. 
Sleep,  103,  234,  248,  249,  263,  307  ;  walking  in, 

90;  diminished  animal  heat  during,  173; 

sleeplessness,  113, 128, 162, 174,  276, 277,  280, 

298. 

Slop-workers,  6. 

Slotli,  its  bad  effects  on  health,  55, 266,  308. 
Small-pox,  319. 

Smith,  Dr  Southwood,  quoted,  164. 
Smoke  in  towns,  120, 196. 
Smollett,  case  of,  274. 
Snoozing,  236. 
Sobbing,  212,  248. 

Society,  necessity  of,  266, 283, 292,  308. 
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Soliiii'ler,  Dr,  32. 

Soldiors.  liciilth  of,  49,  63,  122,  125,  186,  308, 
32S,  o3t,  335 ;  aro  sti-engthened  by  mental 
stimulus,  10+. 

Solitude,  292,  308;  effects  of  solitary  confine- 
mont,  2(!6,  283. 

Somuauibulism,  214. 

Sparnuan,  Dr,  quoted,  104. 

Speaking',  12ti,  212,  214,215,  204,  300. 

Spliiui'tor  muscles,  S4,91. 

Spinal  cord,  90,  91, 226  et  seq.,  234,  303. 

Spinal  deformity,  96,  101),  110,  111,  125, 135, 

Spirituous  liquors,  155,  261,  264,  329. 

Spongins:  of  the  skin,  69,  75. 

.Sports,  121,  127,  104,  211,  213. 

Sportsmen,  61,  123,  211. 

Spring,  weakness  and  mortality  in,  8,  197; 

clothing  in,  62. 
Squinting,  249. 
Stammering,  219. 

Starvation,  (;9,  121, 18S,  193, 220,  260,  201. 
Stature  in  relation  to  capacity  of  chest,  165. 
Stays,  96, 109,  181,185. 
Steel-grinders,  195. 
Sterno-niastoid  muscle,  85. 
Sternum,  157. 

Stimuhuiti,  162, 264.  See  Spirituous  Liquors. 
Stirling  barracks,  186. 

Stomach,  in  relation  to  the  skin,  36,  78.  See 

Digestion. 
Stoves,  208. 

Strength,  muscular,  92. 
Strolling  o-xorcise,  59.  103, 109, 119. 
Students,  errors  of,  275,  298.   See  Literary 
.Men. 

Sucking  by  infants,  90. 
SuHocation  for  want  of  air,  3,  7, 177. 
Sulphuretted  hydrogen  gas,  169,  201. 
Summer,  clothing  in,  6'2. 

Sun,  its  inlhioncc  on  the  colour  of  the  skin, 
27  ;  sanitary  effect  of  sunshine,  79, 120, 316. 
Sunday's  rest,  264,  278, 287. 
Surgorv,  use  of  cold  applications  in,  52. 
Sutherland,  Dr,  quoted,  193,  202,  318. 
Sweat,  29,  32,  38.   .See  Perspiration. 
Sweating  of  horses,  122. 
Swimmers  apt  to  be  paralysed  by  cold,  09. 
Swiss  baths,  74. 
Sympathetic  nerves,  302. 
Syncope,  152.  ' 

Taunton  workhouse  and  gaol,  178. 
Teachers,  importance  of  physiological  know- 
I  ledge  to,  19,292,  301.  See  Kducation.  Schools. 
Temperance  societies,  261. 
Tendons,  84. 
Ten  Hours'  Act,  5. 
Thackrah,  Mr,  quoted,  182,  194. 
Theatres,  ventilation  of,  180,  258. 
Thomson,  Dr  A.  T.,  quoted,  259. 
Thorax.   See  (Uicst. 

Timidity,  hereditary  predisposition  to,  257. 

Tissot  quoted,  277. 

Tooting  Infant  Asylum,  154, 192. 

Torpedo,  301. 

Touch,  sense  of,  50. 

Tourists,  61;  pedestrian,  lOfi,  121, 127. 

Towns,  disease  and  mortality  in,  4,  13,  /9, 

lOS.  191,  314  et  seq. ;  smoke  of,  120,  196. 
Training,  bodilv,  194,  212;  its  elfect  on  the 

bones,  137  ;  training  of  horses,  122. 
 ,niental,285,288;  necessity  of, 0I8.  See 

Kducation. 
Transfusion  of  blood,  155. 
Travelling,  diet  in,  119 ;  pedestrian,  106, 121, 

127. 

Tropical  fevers.  73.   See  Climate. 
Tubercles,  origin  of,  183,  185,  220. 


Typhus  fever,  163,  186  et  seq.,  100,  202, 204, 
209,  317, 320. 

United  States,  scanty  ablution  in  the,  67; 

education  in,  269,  288  ;  indigestion,  298. 
Urine,  34,  35, 46,  78, 99, 100, 134,  143, 264. 

Vacation,  274,  293. 
Vaccination,  45,  47,  319. 

Valentin,  jM.,  quoted,  30,  32,  59,  66,  91,  105, 

1 14,  1 18,  139,  150,  163,  216, 254,  303. 
Vapour-baths,  71,72. 
Varicose  veins,  99. 
Vegetable  diet,  262. 
Vegetative  functions,  2. 
Veins,  147. 

Ventilation,  7, 169, 176,  180, 186  et  seq.,  193  et 
seq.,  258, 269,  319, 322 ;  of  ships,  190. 

Ventricles  of  heart,  144,  148,  150 ;  of  the 
brain,  232. 

A'eniis  do  Medicis,  182. 

Victory,  sanitary  otl'ects  of,  308. 

Vienna.  Lying-iu-IIospital  of,  327. 

Vierordt  quoted,  105,  174. 

Volkmann,  experiments  of,  239. 

VoUintary  motion,  86,236,241,242;  nerves, 
302. 

Voyages,  185, 311.  See  Sailors. 

Waistbands,  tight,  181, 182. 

Waite,  Mr,  quoted,  283. 

Walchercn  expedition,  309. 

Walking,  105,  107,  121,  127. 

Walpole,  Horace,  quoted,  177. 

Warm  bath,  68, 70,  74, 326. 

Warm  climate,  removal  to,  221.  /See  Climate. 

Warming.   See  Heating. 

Warmth.   See  Heat. 

Washing  of  the  skin,  05  et  sej.,  75, 203;  of 
clothes,  66. 

Wash-houses,  public,  66. 

Waste  of  the  muscles,  99, 112. 

Water  in  the  head,  232. 

Water-cure.  59,  72, 211,  273. 

Watering-places,  visits  to,  311.  , 

Waterproof  dress,  47. 

Waterston,  Mr,  quoted,  205. 

Watson,  Dr,  quoted,  46. 

Weariness  of  mind,  20,  277  ;  of  body,  112. 

Weather,  its  influeiice  on  the  skin  and  kid- 
neys, 32.   See  Climate.  Perspiration. 

Weber,  case  of,  278. 

West  Indies,  40. 

Wet  feet,  61. 

Whales,  16-4. 

Wilderspin's  schools,  270. 
Will,24(!. 

Williams  Secular  School,  270. 

 ,  Dr,  quoted,  91,  103,  113,  208,  258. 

Wilson,  Daniel,  on  ancient  crania,  297. 

 ,  Erasmus,  quoted,  30,  43, 105. 

 ,  James,  a  blind  man,  286. 

"  Wind,"  improving  the,  211. 

Winslow,  Dr  F.,  quoted,  278. 

Winter,  mortality  in,  9  ;  clothing  in,  62. 

Woolwich,  convicts  at,  32(>. 

Work-houses,  1.54,  178,  188,  207.  209. 

Working-classes, baths  for, 71 ;  dwellingsof, 

80,  187,  188,  317,  318. 
Worms,  sanguification  in,  150. 

Yollowly.  Dr,  quoted,  51. 

Youth,  food  in,  117,259 ;  the  blood,  122 ;  bones, 
130, 132;  nutrition,  142 ;  precautions  against 
consumption,  217;  the  brain,  2(i8 ;  treat- 
ment of  diseases  in,  2(i9 :  mortality,  217, 
335.  See  Children.  Growth.  Infants. 


phinted  by  neill  and  company,  Edinburgh. 


